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ABSTRACT
S
This-report-summarizes-the-results-of a surveyj\d he existing fallout shelter
potential in basements and mines in the United States, and in boats on bodies of
water of sufficient size and depth. Also presented is an analysis of the design,
construction, and habitability of a minimum-type, improvised home basement family
fallout shelter, and the shelter potential in an actual suburban community in the

Northeast.

The survey shows that about 60% of the population in the U. 8. would have
access to basement shelter, with the figures ranging from better than 80% in OCDM
/Regions 1, 2, and 4 to less than 20% in ft’egions 3, 5, and 7. Mine shelter could be
an important shelter resource for two to four million people in some 16 states,
including West Virginia, Illinois, Michigan, Missouri, Kansas, Oklahoma, and
New Mexico. Shelter in covered boats on lakes, rivers, and the ocean is likely to
provide the best available means of protection for several million people, particularly
in the states of New York, Delaware, Maryland, Virginia, Florida, Louisiana,

California, Oregon, and Washington,

“a family-sizc, sand-bag fallout shelier can be readily constructed in the
basement corner by one person for a materials' cost of about $60. The shelier,
which offers a protcetion {actor of 100 against outside radiation levels, can he
assembled in an hour if the materials are suitably stored along the basement walls,
and realistic oxeursion schedules appear possible after two days even in the heavies!
fallout. areas. A survey of public and private buildings in a typieal northeastern
suburban eity of 25,000 population indicated that the basements of schools, churches,
and other large buildings do not offer significantly better protection than that of the

average home basement {i.c., about a factor of 20).

In ferms of the number of people per state who d(\llot have ¢ven remote aceess
o any fallout shelter fincluding home basements), the four most necdy slates are

California Texas, Florida, and Georgia,
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INTRODUCTION

1.1 SHELTER PROTECTION REQUIRED

From the fallout analysis of the combined military and indusirial attack
presented in Chapter 6 of Report No. TO-B 60-13 entitled “The Probable Fallout
Threat Over the Contlinental U. 8.9, a number of critical areas of the country
{outside the avea of primary blast damage) downwind of hardened missile sites
and a few of the lavgest industrial complexes were found to have a maximum
2-day dose of greater than {0,000 roenigens. For summe:! wind conditions
about 5% of the nrea of the U. 8. was covered io a 2-day dose Jevel of 5000 r or
greater.

Among the other ﬂgencifm('l ) that have analyzed country-wide fallout result-
ing from different jevels of attack up to 6000 fission megatons, n 5400 fission
megaton attack developed by the RAND Corp. gives the most conservative (i.c.,
highest) fallout estimates. It predicts that 35% of the U, 8. will be covered to o
lovel of more than 4000 v /hr at { hour (e responding 1o a 2-day dose of about
10,000 1y, and ¥h will be covered to 2 level in exeess of 8000 r hr at 1 hour
scortesponding 1y a 20,0001 2-day dose).  No indication i8 given of the per cent
area in the primasy blast damage rings; however, it has been estimated as

nllows
f L)

Yy ‘The RAND fallant model nssames a fission efficiency of 273, as
does the Tech ‘Ops model; henae a 5400 fission megaton attack corresponds to a
totn] attack of 8100 MT.

2 i all weapons were assumed to be 5 MT size, there would he
{620 of these woeapons,

I the heavy damage aren per weapon s agsumed to be 1650 square
miles 7 mile . adius), then the “owal heavy damage area aves the eountry would
he 24 000 squate miles, o1 about 8% of the and arca.  This might be reduced
by, sav, ! 4 due to werlap in the heavier target conecentrations, modifying the

over-all damage area figure to about 6% of the U. 8.

M. B. Hawkmns, "Summary of Problems Relating 1o Loen] Fallout Contamina-
tion of Wate* Supnlies® Progress Report) Univ, of Cal., Civil Defense
Resenrch Proceet, Feb 24, 1959, Figne B-1, pg. 64,




The 8000 r/hr at 1 hour area (3%) would almost certainly be included in the
6% heavy blast damage area, and can therefore be logically excluded from fallout
shelter considerations. The highest levels outside the 6% blast area still
approach 7000 r/hr at 1 hour, however, according to the RAND estimate, which
could result in 2-day doses of 17, 000 r. On the other hand, the RAND model does
not take into account a ground roughness factor which has been experimentally
measured (by the Chemical Corps) to be about 0, 7 for the Salt Lake salt flats in
Utah, and should realistically be lower for almost any other reasonably “flat®
terrain, (A terrain factor of (.55 was assumed for the fallout model described
in Chapter 4 of Repori Nu. TO-B 60-13.) Applying a terrain factor of 0. ¢ fo the
RAND model reduces the 17, 000 r 2-day dose figure to 10, 000 r, which is in line
with the maximum levels found in the report *The Probable Fallout Threat®
referred to earlier; and also agrees well with the OCDM estimate for a 6000
fission megaton atiack.(l) Hence, for the purﬁose of eatablighing fallout shelter
requirements, a maximum likely 2-day dose level ol 10, 000 r has been assumecd,

In addition to maximum likely fallout levels, a maximum allowable whole
body drse for the populalion in those very heavy fallout areas must be established
betore a realistic minimum shelter factor can be set. It is generally agreed that
a dusc greater than 200 r delivered over a short period of time (within a few days)
will result in a significant level of radiation sickness in the population. Al 100 r,
however, there should be very little danger of radiation sickness, It seems
reasonable, thercfore, 1o set the maximum allowable short term (i.c., 2-day)
dose al 100 1 —— a ficler of 2 below the threshold sickness level — o make allow-
ance v uncortamties, and to make it possible for people 1o start coming oul of

ghelter at an carhier time to carry out emergency or esseniial actlivitics,

This, then, sets the minimum shelter factor al a value of 100. A higher

value would alwiys be degirable, but is not believed to he essential insofar ns
averting radiation casualties is concerned, It appears that this matfer is quife
analogous G- that ol insuranc ¢ -— the more one leaves to his dependents, the belier
U‘L”\('y 11 be, but there 1g a realistic minimum amount on which the survivors
could be expected to get along; and since the cosl of a very moderate amount. is by
ne means neghigible lor the great majority of families, the minimum is as much

as megt o] them will ever have, and many will have even less.

71y Sec Retercnce, Page 1.
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1.2 EXISTING FALLOUT SHELTER POTENTIAL AND IMPROVISED BASEMENT

SHE LTERS

This report presents the results of a survey of the existing fallout shelter
potential in the country and an analysis of the design, construction, and habit-
ability of a minimum-type improvised home basement family faliout shelter.
Chépter 2 dea's with the availability of basement shelter in the different areas of
the countrv in terms of the number of people that can be accommodated.
Chapter 3 presents a sutvey of the shelter potential in coveied hoats on lnkes,
rivers, and the ocean. ‘The resdalts of caleulations 1o determine the distance off
shore corresponding to a shelter protection factor of 100 are presented, and esti-
mates of the number »f people who might take advantage of this tactic given for
the different states. Chaptler 4 discussges shelter in mines, the types and loca-
tion of mines consideted, and a summary of the areas and papulations which

should consider this shelter medi'm.

* Chapter 5 describes the design and eonstruction of a da-it-yourself impro-
vised home basement family fa'lout shelter. The shelter was designed for mini-
mum possible east Mboat $605 and minimuam construction time ‘abnut | man hour)
consistent with reasonable safety and hvahility,  Chapter 6 presents a survey of
the communal shelter potenhal and other essenual post-attack resources in an
actual suburbun eommunity »f abont 26,000 population,  The purpnse of this sur-
vev was to determine whether a communal sheltey plan is feasible for the average
subarban ecommuanity m those a1 ea< where basements e generatly available.
Finally, Chai tor 7 disens=es *he net shelier problem for the United States taking
into nceount the potentin? ba<ement . hoat and mine shelter avaniabie to the popula~

tion by states and OCDM regions,

In sarveving the potertin! shelter space avarlable in boats and mines, it was
assumed that the ponulace wtld have sufficiont warning time -~ at least an hour,
and perhaps mere - o ger from ther homes 19 the designated pre-planned

Cshelter This nssumpuion appear < rersonable far many areas of the country even
if there is essenuatly no warning before the laanching of 1 combined military
and industinl attack. 1f, however  the enemy sttacks onr retrlintory forees
withont wimrning. and then, using blackmail, threatens 1o follow ap with sn indus-
trial ot popnlation attark in the event we do not sur rende: , additional warning
time wonld be avalable 19 many mil'ions of people, thus greatly enhancing the

potentiad value of the presemly avarlable boot and mine shelter in the country.
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CHAPTER 2
AVAILABILITY OF BASEMENT SHELTER IN THE UNITED STATES

2.1 SOURCES OF INFORMATION

An investigation into the construction practices used for.private homes con~
firmed the generally-held view that basements* are far more common in the
Northeast and Norih Ceniral regions of the Uniied States than in the other regions.
These aveas have the lowest average winter temperatures, the greatest number
nf "degree~days, *** and almost universal installations of central heating. Pub-
lications of the 1. 8. Labor Depariment’s Bureau of Labor Stalistics on new
housing provided the data for the statements below. A listing of those publica-
tions is shown in the hibliography afthe end of this chapter.

Inquiries to the Federal Housing Administration (FHA), Housing and Home
Financc Agency HHFA), trade associations of home builders, banks granting
morigages and journals of the home 2onstraction industry all refer to the Burean
of Labor Statistics as the primary source of information. Data in the six publien-
tiong of the Bureau of Labor Statisties were collected in the course of field sur-
veys of new home eonstraction during the period 1946 (0 1956, Some general
reference info- mation 1s avaifable on new housing built in 1940 and on wartime
houses built fn war workers, 8o far as ean be deteymined, definitive data are
nat avikable £ the ol baasing in any area but it is passible to estimate the

number of basements in iy 1o ge arven from the following observations:

Dy Houses bailt befare Waorld Waa IE are much more likely (o have
hasemoents,

2y Higher priced housimg aimost invariably has a higher pereentage
of hisemoents.

3. Housing in Iy gze eiries ond i the suburbs of large citles always
has a higher pereentage of hasements than does housing in
smaller cities and vwral areas in the same region,

by Houses without centenl heating in the Sonth and Southwest) are
much less hikely to have basements,

CTBasements age defined as exeavated and elosed areas fargelv below grade that
wovide a muumium of 5 feet bead voom,

* Degree daves o elimatalgien! term deser ibing guantitatively the need for
suppiemen*sry heating,  The number of degree days for any day is the number

of degyees that the mean temperatare for that day fal's bedow 65, Average
mmal degree davs have been Dibatated for all parts of the countr v by the

g Woeather Bureay
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Specific information for 15 large metropolitan areas (the 8 largest and 7
of the next 26 largest) representing almost all different densely populated parts
of the country is available for the 1949 to the 1951 period. From these and from
more general area data from the 1940 to the 1956 peried it is possible fo infer
reasonably accurate figures for each state and OCDM region as noted in
Sections 2.2 and 2.3.

2.2 PER CENT OF POPULATION IN EACH OCDM REGION THAT CAN BE
ACCOMMODATED IN BASEMENT SHELTER

OCDM Region 1

Data for Boston, Mass. show that 30 to 95% of postwar houses have
basements, while that for New York City indicate there are basements in 75 to
85% of the postwar houses. From these figures and the Northeasicrn* states!
figure of 75 to 80%, it is estimated thut in the eight states of OCDM Reginn 1
there is bascment shelter space available for all of the 29 million residents of
this region. Actually, however, there may be as many as three million people
who live in homes without basements. Thesc people reside principally in large
housing developments, shore areas with high water tables and to some oxtent in
trailer camps. The flat shore areas of Massachusetts (Cape Cod), Rhode Island,
Connecticut, New York (Long Island), and New Jersey continin the overwhelming
majority of the estimated three million who are several miles or more from
houses with basements.  These people may also be some distance from buildings

which could provide equivalent shelter from cadioaetive fallont.

There are a great many communities in these states in which every
housc has a bagement. In this region, long-standing eustom | high priced housing
suburbs and informal pnlicies of town administriations have resisted attempts to
build houscs without basements. In other communities, however ‘even immedi-
ately neighboring ones), there may be large numbers and even a high pereentage
of homes without basements. More specific data eould be assembled in a direet
survey of the city engineers or compavable town officials in each of the large
numbet of communities, It is not likely that state~-wide data exist that arc any
more precise than the above cstimate. It may be inferred from the high popula-

tion densities of the eight states in this region that a large number of people live

* Census Bureau Northeastern States include OCDM Region 1, plus Pennsylvania,
5
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in multiple family dwellings. Such dwellings may all have basements. The esti-
mate of 90% for accommodation in basements of their own dwellings may there-

fore be low.
OCDM Region 2
Data for four of the major cities in the region,are as follows:

Per Cent of Postwar

City Homes that have Basements
Philadelphia, Pa. 80 to 95
Pittsburgh, Pa. - 90 to 95
Cleveland, Ohio 70 to 80
‘Washington, D. C. 50 to 70

From the above figures plus the figure of 75 to 80% for Northeastern
states, 55 to 70% for North Central* states, and 20 fo 25% for Southern** states,
it is apparent that therc is a significant variation among the seven sfates of
Region 2 ‘including the District of Columbia). The differences are not always
correlated with temperaturé. For example, Cleveland with 8,050 average annual
degree days has 70 to 80% postwar homes with basements, while Boston with
5,940 average annual degree-days has 90 1o 95% bascments., An over-all figure
for the region of 80% tends to obscurc the very high availability (estimated at 99%)
of basement shelter in Pennsylvania and the lower value of about 50% in Delaware.
The estimates for Kentucky, Virginia, and West Virginia ave baser on indireet
data,  Further invesugation might show that there is an even greater difference
hetween these three stotes and the neighboring siates of Pennsylvania and Ohio.
Such a difference in the perecentage of basements might be explained both by the
difference in the quality of housing and the terrain rather than the difference in

climate.

A preliminary study might show that Inrge aireas comprising many
communitics have simila building practices.  Should this be so, it would be
possible to assess the basement shelter availability withoat the need for a1 com-
munity by community survey as scems necessary for OCDM Region 1.

* " North Central states include Ohio, OCDM Region 4, and part of Region §

++ Southern states include Kentucky, Virginia, W. Virginia, OCDM Regions 3
and 5.

d
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OCDM Region 3

Data for Atlanta, Ga. show that 20 to 35% of postwar homes have base-
ments, while data for Miami, Fla. show almost no basements in the postwar homes.
From these data and the figure of 20 to 25% for Southern states, it is apparent that
there is significant variation among the seven states of this region. The absence of
central heating and the lower cost housing add {o the factors noted above for the
lack of basements. The absence of basements was quite common in prewar housing

so that in this region it is n»t likely that the percentage of basements has decrensed

z

significantly in recent years. North Carolina and Tennessec may have as many as
40% of new homes with basements. Florida has substantially none.  Alabama and

N ] _—_ ] -l —P

Mississippi are not likely to have more than 10%,

An over-all figure of 20% indicates that this region has a minimum of
basement shelter. From the analysis pnint of view, there wnuld he relatively
little value in documenting the figures more preciscly since almost no community
has adequate basement sheller for its papulation.  For planning purposes a small
sample survey might be adequate for determining the amount of shelter that does

exist so that plans could bhe mnde for supplementing it,

OCDM Reginn 4
Data for Chicago, Ul. show that 70 1o 72% of postwir homes have hase-

ments, while datn for Detroit, Mich, indicate that basements exist in 75 1o 86% of

s—— — L] _—

postwar homes., From these data and the Tigure of 55 to 70% for the North Central

‘ states, 11 would sceem that all five states have aboat the same per centage of hames !
with basements.  An estimatce for the vegion »f 80% indicates that alvhough the

I great majority of people have ready aceess to basement shelter, every state and
probably cverv community ha< i substantinl numbetr of people who do not have |

aceess to such shelter. A swrvey of state officials and o sample survey of cily

and town enginecer 4 should indieate whether some Iarge arveas bive hasement

shelter Tor the whole population, o1 whether providing such shelter is a problem

for every community.

OCDM Region 5
Data for Dallas, Tesas show that Jess than 1% of postwar homes have
basements, From this ohscrvation and the Southern states' figare of 20 to 26%,

it appears that the five states of this reglon may have even fewer basements than




is characteristic of OCDM Region 3, While estimates for each state have been
made, they may be in substantial error. The region estimate is set at 10%.
Here, as in Region 3, every community has a major problem if it is to provide
shelter at least as good as the basement shelter available in the Northeastern
states,

OCDM Region 6

Data for Denver, Colo. show 35 to 45% of postwar homes have base-
ments. This fact plus the figure of 55 to 70% for the North Central stgtes and
the figure of 20 to 30% for the Western* states combine to indicatc that the base-
ment shelters in these eight states vary from 30 to 80%. It is possible that some
communities and even some large areas have basement shelter for all of their
residents. A sampling survey could be used to delineate the basement situation
more precisely. An estimate that 65% of the regional population has access to
basement shelter indicates that the problem is more scrious than for Regions 1,
2, and 4, but less serious than for the Southern states.

OCDM Region 7

Data for San Francisco, Cal. show 15 to 20% of postwar homes have
basements, while data for Los Angeles, Cal. show less than 1% basements in
postwar homes, Using these figures and the Western states' figure of 20 to 30%,
it is estimated that basement shelter in these four states could vary from 10 to
30% with an average figure of about 15%. Basement shelter or its equivalent is
likely to be a major problem in every community. Discussion with state offi-
cials and a small sample survey could confirm the accuracy of this estimate.

OCDM Region 8

Data for Seattle, Wash. show that 40 to 50% of postwar homes have
basements. From this observation and the analysis of neighboring regions, hase-
ment shelter in these four states appears to vary from 40 to 60%.

An over-nll estimate for the region is 50%. A sample survey in
Washington could establish the existence of any sizeable number of communities
that provide ready access to bagements for more than 90% of the population,

This one state has been suggested because it has almost half of the population of
the region and, as noted in Report No. TO=-B 60-13, entitled "The Probable
Fllout Threat over the Continental United States™, the lethal fallout would be over
the most heavily-populated areas in the region.

= “Census Bureau Western states include Colorado, Wyoming and OCDM Regions
7 and 8.
<




SUMMARY

An extension of the above data shows that approximately 60% of the
population in the U. §. might have access to basement shelter. Table 2.1 shows
the approximate number of people (based on the 1950 Census) for whom basement
shelter is available and the approximate number for whom it is not likely to be
available. .

TABLE 2.1

POPULATION IN EACH OCDM REGION WITH {(AND WITHOUT) READY
ACCESS TO BASEMENT SHELTER

Estimated % of the Population (in millions)
OCDM  Population with Ready With Without
«Region Access to Basements Total Access Access Location
1 90 28.9 26.2 2,7 Northeast
‘!' 2 80 30.0 25,0 5.0 Mid Atlantic
4 80 26,4 21.2 5.2 Groeal Lakes
6 G5 11,6 7.9 3.7 Northern Plains
8 50 5.1 2.7 2.4 Northwest
3 20 21.0 5.1 15.9 Southenst
7 15 12.2 1.9 10 Far Southwest
5 10 15.2 1.8 13,4 Central South
TOTAL 150, 4 91,8 h8.6
100% 61%h 39%




2.3 PER CENT OF POPULATION IN EACH STATE THAT CAN BE ACCO‘MMO-
DATED IN BASEMENT SHELTER
The per cent of the population in each state that can be accommodated in
basement shelter is shown in Table 2.2. The values listed are first approxima-
tions based on limited data recorded in the six references.

TABLE 2.2

POSTWAR (WWII) HOUSING WITH BASEMENTS AND ESTIMATED
BASEMENT SHELTER ACCOMMODATIONS

Per Cent Per Cent Of
Of Postwar Population
Housing With Ready
With Population* Access To
State Basements (Millions) Basements
OCDM Region 1 - Housing within States not
likely to have high per-
centage of basements.
Connecticut 85 2,0 90 Ocean shore
Maine 95 .9 99
Massachusetts 90 4.7 95 Cape Cod
New Hampshire 90 .b 99
New Jersey 75 4.8 85 Ocean shore
New York 85 14,8 90 Long Island
Rhode Island 80 .8 90 Ocean shore
Vermont 95 .4 99
28.9 >90
OCDM Region 2 -- Housing within States not
likely to have high per-
centage of basements.
Delaware 50 .3 60 Ocoan shore
Washington, D.C. 60 .8 70
Kentucky 60 2.9 60 Low cost housing
Maryland 60 2,3 70 Ocean shore
Ohio 75 7.9 90
Pennsylvania 95 10.5 99
Virginia 60 3.3 70 Low cost housing
W. Virginia 60 2,0 60 Low cost housing
30.0 >80

(Cont'd)

+ 71550 Census
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TABLE 2.2 (Cont'd)

POSTWAR (WWII) HOUSING WITH BASEMENTS AND ESTIMATED
BASEMENT SHELTER ACCOMMODATIONS

Per Cent Per Cent Of
Of Postwar Population
Housing With Ready
With Population* Access To
State Basements  (Millions) Basements
OCDM Region 3 -
Alabama 10 3.1 10 All states have low cost
Florida <1 2.8 <1 housing and high water
Georgia 20 3.4 20 table areas with no base-
Mississippi 10 2,2 10 menis. Basements rare
N. Carolina 40 4.1 40 except in houses selling
S. Carolina 30 2.1 30 for more than $15, 000,
Tennessee 40 3.3 40 70% of 1956 housing sold
21.0 >20 for less than $15, 000,
Illincis 70 8.7 80 Some prewar as well as
Indiana 70 3.9 80 postwar houses do not
Michigan 80 6.4 85 have bascments,
Missouri 60 4.0 70
Wisconsin 80 3.4 85
26.4 »80
OCDM Recgion 5 -
Arvkansas 20 1.9 20 Basements are rare ¢x-
Louisiana a! 2.7 5 cept in houscs sclling for
New Mexico 10 7 10 mare than $15, 000, 70%
Oklahoma 20 2,2 20 of 1956 houses sold for
Texas o1 7.7 10 less than $15,000,
15.2 10

= 71950 Census

(Cont'd)



TABLE 2.2 (Cont'd)

POSTWAR (WWII) HOUSING WITH BASEMENTS AND ESTIMATED
BASEMENT SHELTER ACCOMMODATIONS

Per Cent Per Cent Of
Of Postwar Population
Housing With Ready
With Population*  Access To
State Basements  (Millions) Basements
OCDM Region 6 -
Colorado 30 1.3 40 Some prewar as well as
Iowa 60 2.6 70 postwar houses do not
Kansas 40 1.9 50 have basements.
Minnesota 80 3.0 85
Nebraska 60 1.3 70 r
N.Dakota 80 .6 85
S.Dakota 70 .8 80
Wyoming 60 .3 _170
11.6 >6 )
OCDM Region 7 -
|
Arizona 10 .7 10 Basements uncommon in
California 10 10.6 15 prewar as well as posi-
Nevada 20 2 20 I war houses,
Utah 30 .1 _30
12,2 >15
OCDM Region 8 ~
Idaho 50 .6 60 ) Many prewar as well as
Montana 60 .6 70 postwar houses do not have
Oregon 40 1.5 50 basements. Large numhers
Washington 45 2.4 _50 of houses with ceniral heat-
5.1 >50 ing do not have basements.

* 1950 Census
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Figure 2.1 summarizes on a map of the U, 8. the fraction of the population
in each state estimated {o have readily available basement fallout protection. It
is immediately apparent that the situation gets steadily worse as one goes south

and west starting from the Northeast.

2.4 TRENDS IN NEW CONSTRUCTION

With the development of smaller, quietzr and cleaner furnace units, the
trend of construction practice in all partis of the country is to place such equip-
ment in first floor utility rooms rather than in basements. Mo»e reijable pinmb-
ing installations and more effective insulation of a groaund siab {»» raiced floor)
from ground effects make basements less necessarv for permanent homes than

heretofore,

Outside of the Northeastern states expensive homes in cold regions are now
often huilt without basements, Tt is helieved that tradition vather than construetion
needs dictates the continuing Northeastern practice of bailding even low ensi
houses in large numbers with basements, No reversal of this trend was detected
ag reecntly ag 1956, It is possible, however, (hat the Civil Defense publicily of
the past few years hag made hoth eontractors, as well as the buying public, more

awuare of the importance of basements for falloui shelter,

A trend was alicady detectable in 1956 towards imrger and, therefore,
telatively more expensive homes., MNo data was published in anv of the references
as to the added costs of fmll or partial basements, bt there 13 no doubi thay
housces with basements are mnt e expengive than ones with the egrovalent amonnt
of facihities that do not have basemente. 1t 18 possible that data for the 1957 19
1950 period, when avarlable, may show a containg of the trend tward Targer
houses and perhaps a new frend townrds a higher peteentoge of basements,  The
wide spread nse of carth moving machinety, the advantages »f basemoents fo
=torage, the efficiency of now widelv avalable dehamidifying mits and i pa ty-
cular, the eoffects of Civi' Defense prbhicity maght all have eambined to persiuade
home buvers to necept the additional cost of a basement as well warthwhile, For
these reasons, 1t 1= not considered hkely that new housing in the near future in
any part of the counts v will have p smalje: perazentage of ba<ements than s

reported for the (916 to the 1956 perind.

13
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CHAPTER 3
SHELTER IN COVERED BOATS ON LAKES, RIVERS AND THE OCEAN

T 3.1 SHELTER FACTOR VS. DISTANCE OFF SHORE

It has been suggesied from time to time that covered shelter in a boat out
on the water might provide a significani measure of protection from fallout.
This tactic is based on the assumption that the fallout particles dispevse rapidly
and uniformly throughout the volume of water. Calculations of the aitenuation
due to the depth of water and distance from land show that depths of {en feet or
more at distances of 300 or more yards off shove wi'll provide a shelter factor
of at least 100 for an observer three feet above the surface of the water.

The settling rate of particles in quiescent water (at 20°C) is given by the
rclation {
- 312
r 2 (3.1)
where T is the time 1n hours for particles to fall one meter through the water
and u is the particle size in microns, ]

From this equation we see thay
1) 10 micron particies will settle one meter in about three hours
2) 30 micron particles will settle one meter in 20 minutes

and 3) 100 micron particles will settle one meter in less than two

minutes.,

Since 85% of the radioactivity is hehieved to be associnted with particle sizes
greater than 30 microns, and mo ¢ than 50% is associated with sizes greater than
100 microns,* one should not expest to receive a serious dose (f.e., probably not
more than 251 even in an area receiving a 2-day dose of §5,000-10, 000 r) from

the particles while they are setthng.

* Sec Figure 1.1 of Report No. TO-B 60-13 entitled *The Probable Fallout
Threat over the Continenial 1. 8. i
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The dose received by an ohserver in a boat out on the water will be due to
two sources: (1) the dose due to fallout on the surface of nearby land, and (2) the
dose due to the fallout assumed to be uniformly distributed throughout the volume

of water,

3.11 Attenuation Over a Lake Dueto Ground Sources

In the case of a round lake, the attenvation at the center of the lake
due to ground sources is given by the expression:

_r_E@rke™
®=R

- (3.2)
o El(uh)+ke uh

where R = dose rate above the center of decontaminated circle in an infinite
contaminated plane
Ro = dose rate above an infinite contaminated plane
u:= linear absorption coefticient of the medium (in this case, air)
k = an empirically determined constant associated with the build-up

factor
h = height above the plane
p= (h2+r2)1/2, where "r" is the radius of the lake (i.e., the decon-

taminated circle)

and E 1= (up) = the cxponential integral

Q0
-up
=\ &£ qge¢
- { & awn
up
The dose rate at points off the center of the decontaminated circle

is given by the expression:
an

R = crg [El(upo)+ke"“"o] a (3.9)
o]
. 2 1/2
where po = 1-(1 - ()-;—1) sin2¢) - xlcos¢

(assuming h<<r)
X = lateral distance away from the center

C’ = a constant

17



Unfortunately, this integral cannot be solved analytically, and a numerical
integration would be very time-consuming without the aid of a digital computer.
Hence, no attempt was made to determine the attenuation for specific values of
X from equation (3.3). It turns out, however, that the formula for the attenua-
tion above the center of a decontaminated strip (in an infinite contaminated
plane) — which corresponds to a river — has been tabulated, and this same
formula can be used {o find the attenuation at any point off the center of the decon-

taminated strip as shown in the next section.

3.12 Attenuation Over a River Due to Ground Sources

The attenuation above the center of a decontaminated strip is given

N e o}
by the expression: S.ﬂ + kur) -ur I:cos-llig}d(ur)
] ur
voour)
ur
R 0
@ = == = — (3.4
R, E, tuh) < ke

where r, = the half-width of the strip

and the other quantities are the same as those defined previously. For simplicity,
"h™ has been assumed to be much less than *r* in the numerator of cquation (3. 4).
Although this equation is not directly integrable, numerical values for the integral
have been previously tabulated. The attenuation at points off the center of the

strip can be found easily by the following method:

Let the point in question be a distance X, from one side of the

strip and a distance Xy from the other side. Now, find -;— ﬁR- for

a strip of width le and add this value to the eorresponding °
number for a strip of width 2Xg. This sum is the attenuation at
the point in question.

3.13 Dose Due to Particles in the Water .

Due to the rapid attenuation of the activity with distance through the
water, only the activity in the water within a few feet of the observer is of impor-
tance; hence we can consider the body of water to be infinite in horizontal extent
without affecting the results.  The attenuation above an infinite body of water duc to
a uniformly distributed source thioughout the volume is given by the 1clation:

R 1.k

v Few ~ o
“r) uld [Ll ‘uh) ¢ ke UhJ

i 9)

1R




where u o= linear absorption coefficient for water (ui = 0,510 feet for Cobalt 60
radiation in water) 1

and d = depth (in feet). .

For large bodies of water, where the dose from the water is controlling, the
maximum attenuation over the water turns out to be about 5.9 times the depth (in
feet).

3.14 Distances Off Shore for a Shelter Factor of 100

Using the appropriate values for the constants in equations 3,4 and
3.5, Figure 3.1 was constructed showing the relation between river width and
depth to obtain a shelter factor of 100, 3 feet above the center of the river. For
example, for a 256-foot deep river, the minimum width required for a shelter
factor of 100 is 2350 feet; for a 35-foot depth, the corresponding tigure is about
1950 feet, and for50or more feet, it is 1800 feet. In other words, one must be
at least 300 yards off the shore of a deep river to obtain a shelter factor of 100
relative to the radiation level over the nearby land. If the river is less than
17 feet deep, a shelter factor of 100 cannot be obtained regardless of width.

Figure 3.2 is a plot of the distance off shore vs. river width (and
depth) for a shelter factor of 100. Herc we see that the minimum "safe" dis-
tance off shore is 750 feet (250 yards) for deep, wide rivers {or for large lakes
or the ocean). When the river depth is only 25 {cet, however, onc must he
about 1000 feet off the shore of a river 2500 feet wide. In gencral, the corres-
ponding distances for a shelter factor of 100 in the case of lakes will be a little
greater than thosc for rivers, but the difference is probably negligible in all

cases of practical interest.

3.156 General Requirements in Addition to Satisfactory Shelter Factor

To be habitable as a shelter, every boat should meet the following

minimum requirements-

1y Provide living accommodations under shipboard cover for
two weeks. The facilities should include toilets, fresh water,
food storage, medical supplies, fire fighting equipment and
nne bunk for each persun. Also, equipment to wash off any
fallout that falls on the deck or other parts of the boat.
19
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2) Have power or be‘capable of being towed by some vessel In the
immediate neighborhood.

3) Have facilities for mooring in the appropriate location and plan
to be at least several boat lengths from every other boat.

4) Have pumps, either hand or power-operated (if fuel is available) '
to take care of leaks, rain, and water from rough seas.

In any emergency operation, boats used for shelter from fallout will
undoubtedly be housing more people than were ever before aboard for more than a
few hours in good weather. Special care would have to be taken to be sure that the
extra loading is not such as to make a hazard or a trap out of a vessel that might
have provided adequate shelter for a smaller number of people.

3.2 CLASSES OF VESSELS AVAILABLE FOR SHELTER

All boats and ships of American Registry other than vessels belonging to
military organizations were considered in this survey. The 4000 ships of 1000
grogs tons and over account for more than 3/4 of the tonnage and shelter capability
of the U, S. At any given time many of these will be on the high seas or in foreign
ports and, therefore, not accessible. Our merchant fleet accounts for almost 25%
of the world's shipping and a large part of it is in coastwide trade. An assumption
has therefore been made that foreign shipping in our ports is usually equal in
tonnage to American shipping away from our ports. These 4000 ships have a net
capacity of approximately 16, 000, 000 tons. Most of them are in the 5,000 to
10,000 ton category.

*
Vessecls of 5 net tons or more are "documented® by the Bureau of Cusioms,
are capable of providing fallout shelter and, therefore, are included in the analysis
below: There are 38,000 such vessels with a net capacity of 3, 000,000 tons. Most

vessels are smaller than 500 tons each,

Vessels "numbered but undocuinented" by the Bureau of Customs (Coast
Guard) include all those longer than 16 feet if powered with permanent or detachable
motors. Many of these are open runabouts, fishing boats and day sailers which
would not be considered suitable for two-weeks shelier from fallout. In all there
are approximately 470,000 boats in the continental United States in this category.
Stanistics are not readily available on their capacity. A conservative assumption is
that they have 470, 000 net tons capacity usable for fallout shelter.

* A cruising sailboat of 5 net,tons is generally about 28 feet in over-all length. A

9o ‘POWeT boat® or fishing boat of 5 net tons is usually longer.
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A summary of the above vessels and assumptions is as follows:

Category Number Total Capacity Average Net Tonnage
greater than)
1000 tons ) 4,000 16, 000, 000 tons 4000
5 to 1000 tons 38,000 3,000, 000 tons 80
16 to 28 ft. 470,000 470, 000 tons 1
TOTAL 512,000 19,000, 000 tons

3.3 BOURCES OF INFORMATION

Comprehensive records are maintained by the Bureau of Customs of the
U. 8. Treasury Department on merchant marine vessels. The summary docu-
ment issued annually tabulates vessels by port of registry, size, kind of power,
age, etc, It is known as "Merchant Marine Statistics®, is published by the Bureau
of Customs and is available from the U. 8. Governmeni Printing Office for 40 cents.
The data shown below ave from the 1958 edition. The 1959 edition, recently re-~
ceived, shows a 3% increase in over-all values, This change {s not significantly
different for any portion of the record and is almost trivial in comparison with the

gross allowances noted in Section 3.6.

The vessels listed include almost all those over 5 net tons capacity. The

various forms of documentation are as follows:
1) Registered ~ 4700 vessels engaged in foreign trade or whaling.

2) Envolled and Licensed -~ 16,900 vessels of 20 net tons or more
engaged in coasting trade or fishing, Also inciuded in this cate-
gory arc vessels of 5 net tons or morce located along the Canadian

border.

3) Licensed - 16,900 vessels of 6 net tons or more including barges,

scows, lighters and canal boats.

Specific details of size, rig, power, name, home port, owner, clc. are
recorded in the book “Merchant Vessels of the United States 1959 (including yachts) .
It is published annually by the Burcau of Customs and is available from the U. 8.
Government Printing Office for $6.25. Civil Defense authorities in each area plan-
ning to use covered boats for shelter for fallout may obtain all pertinent informa-

tion on each boat in their area from this latter document.

23
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Records on small boats useful for shelter are not nearly so complete,
Their numbers are tabulated in the "Proceedings of the Mérchant Marine Council®,
Vol. 16, No. 3 of March 1959 published by the U, 8. Coast Guard. Page 65 of
that bulletin lists the totals of "numbered and undocumented® vessels recorded in
cach Customs Port. Vessels in this category are machinery-propelled with capa-
cities of less than 5 net tons. Boats of 16 feet and under with detachable motors

are specifically excluded.

The grand total shown of 482, 000 includes 12, 000 recorded in Alaska,
Hawaii and Puerto Rico. Of the 470,000 recorded in continental United States,
less than half are small fishing vessels and others used in trade. A certain per-
centage of these and a somewhat larger percentage of the pleasure boats in this
category do not have the living accommodations necessary for two-week shelter
occupancy noted above, Nationwide statistics do not seem to be available on those
boats in this category thal are suitable, nor are the ten Coast Guard District
Offices lhikely to have them. The 44 individual Customs Ports may have suitable
detailed data but the local chapters of the Coast Guard Auxiliary and the U. 8.
Power Squadron will quite likely have or have access to the fecessary data. Many
state governments are taking over the licensing of small boats, By the end of
1961 it is likely that more complete data will be available in those siates having
large numbevs of hoats,

Information relating nel ton capacity to shelter capacity is much less pre-
cise. A preliminary figure of one person per one net ton of eapacity was suggested

by a varietly of people with Navy, Merchanl Marine or pleasure hoatling experience.

It does not scem unreasonable for any vessel provided proper preliminary artange-
L

ments are made. The only documentation available for this figure or for any
vessels loaded to near maximum human eapacity appears in “The Sceret Roads™ by
Jon and David Kimche, published by Farrar, Straus and Cudahy of New York in
1955, This book records in popular fashion the "illegal®™ ship migration to Palestine
m the 1938- 1948 period.  Further details of the capacily relationships are given in

Seetion 3.5 below,
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3.4 NUMBERS OF BOATS AND THEIR NET TONNAGE CAPACITY RECORDED

IN EACH STATE AND OCDM REGION

The figures below are a compilation from the Bureau of Customs and Coast
Guard data adjusted where necessary to give state totals. There are Customs
District Offices in all but 12 states (Arkansas, Colorado, Idaho, Iowa, Kansas,
Nevada, New Mexico, Oklahoma, So. Dakota, Utah, W. Virginia, Wyoming).
The boats moored in these states but registered in the nearest office in an adja-
cent state are few and are of little consequence in this program. The small boat
tigures are recorded for a more limited number of Customs Port Offices and do
combine large numbers of boats for adjacent states. Adjustments have been made
to the available figures to arrive at reasonable estimates of the small boats in

Delaware, Washington, D. C., Mississippi, and New Jersey.

Table 3.1 lists the numbers of vessels in the three major categories along
with their combined tonnage. The figures are by OCDM regions and then by
states. Twelve states (in six of eight regions) have more than 500, 000 net tons
shipping capacity and might, therefore, consider shipping an imporiant resource
not only for shelter from radioactive fallout, but also for emergency transport.
These states in order of decreasing vessel tonnage registered are New York,
California, Delaware, Texas, Louisiana, Maryland, Pennsylvania, Oregon, Ohio,
Florida, Virginia and Washington.

Within these twelve states the most important ports (those which have

greater than 50, 000 net tons of shipping each) of registry arc:

New York: New York, Buffalo

California: Los Angeles, San Francisco

Dclaware: Wilmingion

Texas, Galveston, Corpus Christi, Houston, Port Arthur
Louisiana: New Orleans, Morgan City, Lake Charles
Maryland. Baltimore

Pennsylvania: Philadelpha, Pittsburgh

Orecgon: Portland

Ohio- Cleveland, Cincinnati

Florida. Tampa, Jacksonville, Pensacola
Virginia: Norfolk, Newport News

Washington: Seattle, Tacoma

Of the total 19, 685, 000 nct tons capacity in 511, 000 vesscls, more than 80%
are registered in the above 12 states. A sizeable percentage of the tonnage is in
tankers — vessels that might be somewhat difficult to convert in a short time for
usc as habitable fallout shelters. Large scale usce of boats and ships for shelter
could best be examined by a detailed study of the facilities of the vessels registerqzd

3
g
in the 25 major ports of the 12 states listed above.




- b TABLE 8.1

NUMBERS, CAPACITIES, AND REGISTRY PORTS OF VESSELS LIKELY TO BE
SUITABLE FOR SHELTER FROM RADIOACTIVE FALLOUT

Number of Vessels
Undocu- Net Tona
Commercial Yachts mented Capacity

Region State > b tons > b5tons <5 tons {in 1000's) Customa Districts

- : Conn. 363 116 12,000 48 Bridgeport,* Hartford, New Haven,
New London

Maine 418 33 10, 000 263 Portland, * Bangor, Bar Harbor, Bath,
Belfast, Calals, Eastport, Jonesport,
Rockland

Mags, 1124 193 18, 000 344 Bosten, * Fall River, Gloucester,

OCDM 1 ' New Bedford, Plymouth, Salem

N. H. 17 6 7 Portsmouth

N. J. 290 33 3,000 65 Newark, Perth Amboy

N. Y. 4836 608 71,000 4399 New York, * Albany, Buffalo,* Ogdens-
berg, Cape Vincent, Rouses Point,
Rochester, * Oawego

R. 1. 227 65 6,000 66 Providence,* Newport

vt. 9 2 1,000 2 St. Albans,* Burlington

Totals 7274 1066 122,000 5174

Del. 1448 3 5,000 1404 Wilmington

D. C. 60 118 13,000 17 Washington

Ky. 200 8 3,000 107 Louisville*

Md, 1657 162 13,000 1074 Baltimore, * Annapolis, Cambridge,
Crisfield

OCDM 2 oo 789 63 12,000 714 Cloveland, * Sandusky, Toledo,
Cincinnatl

Pa. 21382 167 24,000 1018 Philadelphia,® Erte, Pittsburgh*

Va. 1826 97 i9,000 61z Norfolk,* Alexandria, Cape Charles,
Newport News, Recdville

W. va. — = — —

Tolals 8201 636 89,000 4948

Ala, 495 27 6,000 449 Mobile*

Fla. 2092 460 34,000 675 Tampa,* Apalachicola, Fernandina Beach,
Jacksonvllle, Key West, Mlumli, Pensa-
cola, St. Augustine, West Pulm Boach

Ga. 406 22 3,000 296 Savannah,* Brunswick

OCDM 3" p1i45, 456 28 4,000 23 Biloxi, Gulfport

N. C. 944 37 10,000 140 Wilmington, * Berufort, Eliznbeth Clty,
Washington

8. C. 360 10 2,000 68 Churleston, * Georgetown

Tenn, 202 12 7,000 _64 Meraphis, * Chattancoga, Nashville

Totals 5846 601 65,000 1706

1. 343 81 11,000 199 Chicago, * Peorla

Ind. 36 [} 8,000 12 Indfanapolis,® Evansville

Mich. 703 88 27,000 269 Detroit, * Muskegon, Port Huron,

OCDM 4 Sault Ste, Marie
Mo, 829 21 14,000 391 St. Louis,* Kansas City
Wisc, 312 34 6, 000 116 Milwnukee®
Totnls 2223 229 65,000 987
* Headguarters Ports o v(i(;ont'(l)

't

26




It . 1 _ . — [ i " !
l TABLE 3,1 (Cont'd)
NUMBERS, CAPACITIES, AND REGISTRY PORTS OF VESSELS LIKELY TO BE
SUITABLE FOR SHELTER FROM RADIOACTIVE FALLOUT
i Number of Vessels —
_ Undocu- Net Tons
= Commercial Yachts mented Capacity B
I Region State > b5 tons > b tons <5 tons {in 1000's) Customs Districts :
Ark. —_— — —_—
la. 4242 84 26,000 11562 New Orleans, * Baton Rouge, Morgan City,
Lake Charles
' OCDM B8 N. M, —_— —_ _
-Okla, _— —_— —_—
Texas 2243 __ 87 17, 000 1394 Galveston,* Corpus Chriati, Houston,
Totals 6485 71 43,000 2646 Laredo, * Brownsville, Port Arthur,*
Beaumont
Col. — —_ —
Iows —_ —_ —_— —_—
Kan. —_— — —_— —
Minn, 382 a3 8,000 130 Duluth, * Minneapolis
- OCDM 8 yen, 20 — 1,000 2 Omeha
I N. D. 4 2 —_— Pembina®
B. D. —_— — ——
Wyo. = — -_
' Totals 408 36 7,000 132
Ariz, —_— —_ — Nogales
Calif. 33857 480 42,000 2706 Los Angeles,* San Diego,* San Francueo..‘
0CDM 7 Eureka .
Nev. — -— it —
Utah —_— —_ e
Totals 3367 490 42,000 2706
I Idaho —_ —_ —_
Mont. 20 — 1,000 1 Great Falls*
OCDM 8 ¢, 974 5 10,000 92 Portland,* Astoria, Coos Bay
Wash, 3688 720 26,000 676 Seattle,* Aberdeen, Bellingham, Port
Totals 4682 718 38, 000 1489 Angcles, Port Townsend, Tacoma
Grand Totals; 38,373 3,994 468,000, 19,686
H Approx. 611,000
* Headquarters Porte
| I
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3.5

CRITERIA FOR DETERMINING SHELTER CAPACITY OF BOATS AND SHIPS

The size and characteristics of water-bormevessels are so varied that any

general rule for determining shelter capacity is very likely to have exceptions.

Some general considerations, however, may be as follows:

1)

2)

3)

4)

i)

Individual small vessels may more readily be fitted out, loaded
with people and dispatched to safer waters. From a Civil Defense
Management point of view, however, it would be more difficult to
organize 100 vessels of 100 tons each than to organize 10 vessels
of 1000 tons each.

Dry cargo freighters may have fewer obstructions to fitting out
efficiently as maximum capacity shelters, but the construction
necessary would be far more extensive than that required by

passenger liners,

Very large passenger liners such as the 8. S. United States, regis-
tered av 53,300 tons, could huld iremendous nuinbers of people.

With adequate warning they could be held in a U. 8. port and fitied
out for maximum habitation. It would, however, secem more praciical
1o concentratic planning for the smaller and far more numerous pas-
sengev vessels in the 1000 to 10,000 ton range. These latter are
somcwhat Jess likely to be destroyed in a nuclear weapon attack and
may be far more accessible to those people in heavy fallout areas

who do not have adequate home basement or public building shelter

facilitics.

Tankers would in general require extensive construction work to bhe
usceful as large-scale shelters. Since they would be needed even
morce critically as tankers after an attack, it is unlikely that shelter

plans should be made for them.
The dimensions of ships and boats vary widely, but some physical
characteristics may be inferred from the following table of general-

ized dimensions:

!
i
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Gross Net Length Breadth Draft

Tons Tons in Feet in Feet in Feet
5 4 28 8 4 F
100 75 80 19
300 230 110 34 )
1,000 750 200 45 12
3,000 2,200 320 55 20
10,000 6,000 600 70 37

In shipping activities an equivalent of 1 net ton to 100 cubic feet is used for
both gross and net tonnage. Gross tonnage covers all permanently enclosed
space. Net tonnage is the remainder after deducting space occupied by the crew,
the navigation facilities and the propelling power. All figures in the tables in

this report are for net tonnage.

An over-all relation between net tonnage and shelter capacity has been sug-
gested at the level of one person per net ton for all sizes of vessels. In informa-
tion discussion with individuals familiar with small boats, it was learned that
this is a quite valid and easily achievable figure for vessels of from 3 to 100 net

tons capacity.

The 1 net ton per person rclationship has been proved valid for a sizeable
number of refitted passenger vessels in the 500 to 5,000~ton range. The book
"The Sceret Roads®™, cited above, records the passage of large numbers of pcople
across the Mediterranean during the 1938 to 1948 period. No complete detailed
gtatistics arc known to cxist, but il appears that upwards of 100, 000 people made
the voyage from French, Italian, Greek, and Rumanian ports {o Palestinc under

conditions far morc crowded than is cusiomary for immigrant travel.

In the later years of 1947 and 1948 the crowding, for voyages ranging from
a few days to scveral weeks, was greater than one person per ton. This was
achieved by small but experienced {itting out and operating crews working with
very highly motivated travelers. Restrietions on remaining below decks for most
of the day were far less severe than would have been necessary under conditions
of intensc radioactive fallout. During thesc trips disease was held to a very small

incidence cven among badly undernourished people.
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Some of the statistics cited in the book were as follows:

Ship Country Vessel
Tonnage Passengers Date of Origin Name
400 900 January ‘47 Italy Sereni
4,000 4,500 July 47 France Exodus
4,500 7,500 December 47 Rumania York
4,500 7,500 December 47 Rumania Crescent

It is significant that in the latter two voyages the embarkation took almost
two days under conditions where time was quite important. In vessels of these
and larger sizes embarkation time might be a more serious limiting factor than
internal capacity. It is not unlikely that as many as 20 trips of more than seven
days each were made with passenger lists exceeding in number the net tonnage. *
The application-of the one person per net ton capacity criterion to larger vessels
an Joss complete information. Large luxurv liners in the range of 20. 000
w 86,600 ions may routincly carry as many as 2, 000 Lo 5, 600 peopic rospociively
(passengers plus service personnel) in peacetime service. During World War 11
as troop transports, they carried from 5,000 to 20,000 lightly equipped troops.
The living conditions were far from “comfortable® but did not approach those of
the immigrant ships cited above. While large vessels in this size range might
well hold one person per net ton, other considerations such as damage, access,

and loading time might greatly reduce the effective shelter capacity,

The figures in Table 3.2 were ealculated on the assumption that space
would be available and usable in the vessels registered. For comparison among
the various states no reduction factor was applied. For estimating over-all
cffectiveness of a ship and boat program, it has been assumed that at least 10%
of the spaces 2,000,000 persons) and perhaps as many as 25% of the spaces

5,000, 000 persons) could actually be made available at less cost than would be

neeessary for building equivalent fallout shelters on land for these people.

¢ Attempts were made through unofficial channels in England and Isracl to docu-
ment more precisely the number of such voyages, the ships used, dimensions
of ships, passcngers per voyuage, sisc of crews, amounts of food and medieal
supplies used. incidence of disease, complements of doctors and nurses, etc.
These investigations were unsuccessful. It i8 possible, however, that such
records do exist in the archives of the tate of Israel and that access could be
obtained by inquiries made through official government channels. It would
also be possible to secure further information should it be of interest by direct
intev viewing of participants in that program. Several such individuals are now

; in the United States.
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' TABLE 3,2
BOAT AND SHIP CAPACITIES, NUMBERS OF PEOPLE LIKELY TO USE SUCH SHELTER AND
MAXIMUM PERCENTAGE OF EACH ETATE'S POPULATION THAT COULD BE ACCOMMODATED
L I Population Per cent of
b without Net to be Population
Net Tons of 1950 Basement Accommodated to be™ ES
Vensel Cap, Population Shelter on Vessels Accommodated o
' Region State (in 1000'8) (iv 1000's) {in 1000's) (in 1000'8) on Vessels -
Conn. 48 2,007 201 48 2
Maine 263 814 9 8 1
l Mass. 344 4,691 230 230 &
OCDM 1 N. H. 7 633 6 6 1
N. J, 1) 4,835 726 6b 1
l N. Y. 4,308 14,830 1,483 1,483 10
R. L 68 92 % 68 T
vt. 2 378 4 2 1
Totals 5,174 28,980 2,737 1,398
' Region 1 SUMMARY: Greater Than 90% of Population have Access to Basementa,
70% of remainder have access to boats.
Dol, 1,404 318 127 127 40
(1/3 of capacity in barges)
D. C. 17 802 241 17 2
Ky. 107 2,945 1,180 107 4
Md. 1,074 2,343 706 TUb 3u
i OCDM 2 (o 714 7,941 795 714 g
Pa. 1,018 10,498 106 106 1
Va. 612 3,319 995 812 18
l W, Va, _—--- — —— — —
Tctals 4,048 30,178 4,961 2,387
Region 2 SUMMARY: Grenter Than 80% of Population have Access to Bagements,
50% of remainder have access to boats,
l Ala, 449 3,062 2,760 449 15
Fla. 675 2,771 2,600 675 24
Ga. 296 3,445 2,760 296 9
l OCDM 3 Miss, 23 2,179 1,970 23 1
N. C, 140 4,062 2,440 140 3
8. C. 59 2,117 1,480 59 3
Tenn, 64 3,292 1,870 64 2
| Totnls 1,706 20,928 15,880 1,708
Reglon 3 SUMMARY: Ureater Than 20% of Population have Access to Busemoents,
_ __10% of remainder have access to boats, R
' m. 199 8,112 1,740 189 2
Ind, 12 3,934 780 12 -
OCDM 4 Mich, 269 6,372 960 26! 4
Mo, 391 3,966 1,180 391 10
(»90% of capacity in barges)
Wise, 116 3,436 610 16 3
Totals 987 26,408 5,180 887
‘ Region 4 SUMMARY: Greater Than 80% of Population have Access to Basements,
0% of remaninder have nccess to hoats, -
(Cont'd)
E




: TABLE 8.2 (Cont'd)
i BOAT AND SHIP CAPACITIES, NUMBERS OF PEOPLE LIKELY TO USE SUCH SHELTER AND
MAXIMUM PERCENTAGE OF EACH STATE'S POPULATION THAT COULD BE ACCOMMODATED
Population Per cent of
without Net to be Population
Net Tons of 4850 Basement A modated to be
Vessel Cap, Population thelter on Vessols Accommodated
Region State (in 1000's) (in 1600's) {in 1000's) (in 1000's) on Vessels
Ark. — 1,810 1,530 —_— and
La, 1,162 2,684 2,650 1,162 43
OCDM By i, S 681 610 S -
Okla, — 2,233 1,780 — -
Tex. 1,384 7,711 6,940 1,394 18
Totals 2,546 15,219 13,410 2,546
4 Region 6 SUMMARY: Greater Than 10% of Population have Access to Basements,
20% of remainder have access to boats,
Col. _— 1,326 800 —— —_—
l Towa —_— 2,821 790 — —_
b Kan. S 1,906 950 — —
» . OCDM 8 Minn, 130 2,982 450 130 4
} Neb, 2 1,326 400 2 —_
; N. D. —_— 620 90 —_— _—
;;' S. D, e 863 130 _ — .
{ Wyo. — 291 80 — =
L Totals 132 11,723 3,700 132
b Reglon 6 SUMMARY: Greater Than 66% of Population have Access to Basements.
% Lees than 5% of remainder have accean to boats,
; Ariz, _ 750 680 _— _
; Callf, 2,706 10, 686 9,000 2,706 26
OCDM 7T Ney. _— 160 130 _— -
Utnh —_— 689 480 — -—
Totals 2,706 12,166 10, 280 2,706
' Reglon 7 SUMMARY: Greater Than 16% of Population have Access to Basements,
25% of remainder have access to boats,
Idaho — 689 240 —_— —_
0OCDM 8 Mont, 1 691 180 1 —_
- Ore, 912 1,621 760 780 50
Wush, __.bie 2,379 1,190 578 24 i
Totals 1,489 5,080 2,370 1,337 y

Reglon 8 SUMMARY: Greater Than 50% of Population have Access to Basements.
60%,_of remainder have access to boats, - e

TOTALS: 19,646 160, 701 58,618 13,688 ‘
SUMMARY: OGreater Than 8(% of Population have Access fo Basements.
= _ 23% of remainder have acceas to boata,
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3.6 SUMMARY OF THE NUMBERS OF PEOPLE BY OCDM REGION AND STATE
WHO MIGHT TAKE ADVANTAGE OF BOAT AND SHIP SHELTER

QOCDM Region 1

Boat shelter is of major importance in New York State particulariy
for residents of I.ong Island and for those in Westchester County living on Long
Island Sound. The maximum capacity of more than 4, 000, 000 places would very
likely be reduced substantially by blast damage and limited access. The tactic
may also be important in Massachusetts for residents of Cape Cod and for those
along Massachusetts and Buzzard Bays. Similarly it may be of importance in
Rhode Island for residents along Narragansett Bay. A conservative assumption
for the region is that 500,000 to 1,000, 000 persons might be able to take advan-
tage of this tactic.

OCDM Region 2

Boat shelter is of major importance in Delaware and Maryland where
large numbers of people do not have access to basement shelter and live near the
water. In Virginia and Ohio it may be of importance if the vessels are not destroyed
and the people needing shelter have access to the boats, A conservative assumption
for the region is that from 500,000 to 1,000, 000 might be able to take advantage of
this tactic.

OCDM Region 3
Boat shelter is of major importance in Florida. It is of some import-
ance in Alabama and Georgia if the residents of these two states can reach boats
that arec undamaged. A conservative assumption is that from 200, 000 to 500, 000

persons might be able to take advantage of this tactic.
OCDM Region 4

Boat shelter may be of some importance in Missouri, Most of the
capdceity 18 1in Missouri and Mississippi river barges. If most of these are undamaged
and aceessible, the estimate of 100,000 to 200, 000 persons might prove overly con-

servative,
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OCDM Region 5

Boat shelter is more important in Louisiana than in almost any other

state. This state has almost no basement shelter; very little public building

B

shelter; lots of boat shelter; lots of access considering the frontage along the
Gulf of Mexico, the Mississippi River and other waterways; and a high proba-
bility that a high percentage of the vessels will be undamaged. Boat shelter may
also be of some importance in Texas. It is possible, however, that a sizeable
percentage of the tonnage in Texas is in tankers and that access will not be
practical for many of the people needing shelter. A conservative estimate for
the region is that from 500, 000 to 1,000, 000 persons might be able to take ad-
vantage of this tactic.

P OCDM Region 6

This tactic is of little importance in Region 6. Even in Minnesota it
is unlikely thal as many as 30, 000 people could take advantage of the boat

capacity.

OCDM Region 7

Boat shelter is of major importance in California. The shipping and
small boats are concentrated in the few protected harbors of the San Francisco,
Los Angeles and San Diego arcas. Even though there is a lot of capacity it is
likely that much will be damaged and that relatively few people needing shelter

will have access to the boats, These unfavorable conditions are reflected in the

very conservative estimate of 200, 000 to 700, 000 persons who might be able to

|
;’ take advantage of boat shelter, ‘
‘ OCDM Region 8

Boat shelter is of major importance in Oregon and Washington, In ‘
i} both of these states access may be a scerious problem so that the ¢stimalte is )
: conservatively set at from 200, 000 to 500, 000 people who might take advantage !
’: * of 1,
- The abnve figures were derived from Table 3.2, That table listing tonnage, *

population and basement shelter available for each state has been derived from the
shelter data of Table 2, 2 and the boat data of Table 3,1, There are 16 states noted !
specifically above 1in which boat shelter {s particularly significant. Their identity,
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location and likely capacity is shown in Figure 3.3. It may be noted that more
capacity exists under conditions of little boat damage than could be used in Maine,
Massachusetta, New York, Delaware, Maryland, Pennsylvania and Oregon. It
has not been considered logigal to attempt to move and allocate this left over

capacity.

The conservative estimate of capacity likely to be used may be summarized

as follows;

OCDM Region Number of People Likely
to Use Boat Shelter

500, 000 to 1, 000, 000
500, 000 to 1, 000, 000
200, 009 to 500,000
100, 000 to 200,000
500, 000 to 1, 000, 000
Much less than 100, 660
200, 000 to 700,000

8 200, 000 to 500, 000

-1 O ot b W -

Total for continental United States: 2,000, 000 to 5, 000, 600.

The conditions under which 2,000, 000 to 5, 000,000 people of the continental
United States might realistically take advantage of the theoretical 19, 000, 000

spaces in boat and ship shelter may be summarized as follows:

1)

2

3)

4)

United States vessels (or their cquivalent) are in their home

ports. -
Vessels are not seriously damaged.

Vessels are accessible to the population needing shelter and then
accessible to mooring or control in water of prescribed minimum
depth at the prescribed minimum distance from the shore and

from other vessels.

Vessels are fitted out to bunk people for two wecks at a capacity

of up to one person per net ton.

Vessgels are fitted out with sanitary and safety devices necceasary

for the complement assigned.
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6)

7

8)
9)

Vessels are stocked with water, food, medical supp'lies and

fuel.

Vessels and population seeking shelter are organized to facili-
tate boarding in a time period that is safe considering the likely

or actual fallout intensity.
Vessels are managed by suitable monitors.

Vessels are provided with facilities for minimizing the radio-

active contamination on their exterior surfaces.
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CHAPTER 4
SHELTER IN MINES

4.1 TYPES OF MINES CONSIDERED

Within the continental United States there are more than a billion square
feet of underground mine space in many hundreds of mines. The most appro-
priate mines for use as shelter from radioactive fallout are those already
identified and surveyed by the U. S. Army Corps of Engineers. In 1946, under
the direction of the Munitions Board and with the cooperation of the U. 8.
Bureau of Mines, the Corps of Engineers selected 310 mines with an aggregate
floor space of 470, 820, 000 square feet as most suitable for underground
slorage and manufacturing installations. Expert opinion available to that sur-
vey indicated that formations of granite, gypsum, limestone, sandstone, and
salt have the best properties for underground use. These formations permit
wide spans, high ceilings, and regular pillar arrangements. Coal mines were
considered unsuitable because of low and unstable ceilings and the hazards of
dust and gas explosions.

Natural caverns, such as Howe's Caverns in New York and Carlsbad
Caverns in New Mexico, were considered suitable, but most other natural forma-
tions tend to have tortuous passages and very irregular interiors that would make
fitting out considerably more difficult than would be the case in regularly exca-
vated mines,

Horizontal or "drift® eniries would be the most satisfactory for shelter use.
Existing openings could be enlarged economically and additional entrances easily
provided. ¥“Shaft* mines, requiring elevators for entry, not only present pro-
bhlems in ventilation and drainage, but may present serious problems of achieving
accupancy in the event of short warning time.

The 310 mines 1dentified and located in the booklet ¥"Underground Plants for

Industry® have the following minimum characteristics:

1) Overhead and sidecover not less than 50 feet. (Such mines have
a shelter factor well above 1000 so long as the entrance ways do
not pcrmit straight-line radiation paths. )

2) Floor area not less than 25, 000 square feet.

3) Rooms at least 20 feet wide and 10 feet high.

h Floo grade not greater than 3%.
38
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A few of the sites listed have been occupied by activities concerned with
shelter from nuclear attack, The first and best known of these is the Iron
Mountain Atomic Storage Corp. which is located in the Burden Iron Mine at
Linlithgo, New York, In thé 14~year interval since the detailed survey was
made, many new mines have opened up. Thus it has been assumed that such
underground space, as has been occupied by facilities seeking shelter, has
been more than compensated for in each area by new underground excavations,

Excavations in limestone account for approximately 656% of the mines sur-
veyed. BSalt, lead-zinc, sandstone and gypsum formations accounted for 26% of

the mines. The remaining 9% included formations of borax, clay, copper, gold,

iron, mica, marble, pyrite, potash, seismotite and slate.
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4.2 SOURCES OF INFORMATION

The most important source of information on the location and size of under-
ground mines suitable for shelter is the 109-page document available without
charge from the Bureau of Mines entitled "Underground Plants for Industry®
published January 1956 by the Dept. of Defense. This report is an unclassified
summary of work earried out in 1946 under the direction of the U. 8. Army
Corps of Engineers, The actual survey work was done under contract W-49-129-
ENG-59 by Guy B. Panero-Engineers, 420 Lexington Avenue, New York,

New York. That organization prepared a series of nine reports, the most im-
portant of which for this Civil Defense study, was number six and titled *Under-
ground Installations, Sites and Geological Formations". As is apparent from the
title of the Dept. of Defense summary report, the information was assembled for
use by industries essential to our military facilities.

Other sources studied included the annual "Catalog Survey and Directory
Number of Mining World® and the "Keystone Coal Buyer's Manual®. The former
is published annually ai 500 Howard Street, San Francisco 5, California. It
lists only active mines (excluding coal mines) and includes a greal many open pit
and otherwise unsuitable gites for shelter., This directory is helpful in that it
lists the exact address, the main office as well as the names of company officials
for each mine, The "Keystone Coal Buyer's Manual® is published annually by
McGraw-Hill Publishing Co., Inc., 330 West 42nd Street, New York, New York.
As noied above, underground coal mines are far less satlisfactory shellers than
limestone and other formations listed. They are, however, of some imporiance
as a last resort, particularly hbecause there are so many of them and they exist
in so many states. The 1957 edition of thc Keystonc Coal Buycr's Manual has a
map of the United States on pages 534 and 535 showing a location of coal ficlds.
That directory also lists the exact addresses and names of company officials for

cach mine.
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4.3 SUITABLE MINES AND THEIR FLOOR AREA IN EACH STATE AND
OCDM REGION

Table 4.2 at the end of this section lists the number and area of under-
ground mines suitable for fallout shelter in each state. It is possible, in the
event of a crisis in international affairs, that industries esseniial to military
activities may actively seek the underground space surveyed for that purpose,
and hence some of this space may not be available to Civil Defense organiza-
tions at the time it is most critically needed. It turns out, however, due to the
large amounts and locations of space available, particulurly in New York,
Pennsylvania, Missouri, Oklahomsa, New Mexico and Kansas, that both the
people needing shelter and the industries desiring to relocate could likely be
accommodated, The limiting factor is likely to be access time to the avail-
able entries raiber thai intcrnal capacity. In each of the six states noted
above, there is more than 40, 000, 000 square fcct of space available. In each
of four other states — West Virginia, Michigan, Wisconsin and Illinois —
there is more than 10,000, 000 square feet of space available in clean under-
ground mines. These ten states in order of decreasing mine shelter area are

shown in Table 4.1.

Of the lotal 470,820, 000 square feet of floor space in suitable mine
shelter in the United States, 94% is in states in Table 4.1. In these, as in
other siates, the mines are almost always in small towns and are usually more
than 20 miles from a sizeable (or target) eity. The only major citios listed
with mines within or very close to the city limits are Deiroit and Grand Rapids,
Michigan; Kansas City, Missouri; St. Paul, Minnesota; and Louisville,
Kentucky. It has been assumed for the purpose of this study, however, that
although the enemy might well {ry to launch a surprise attack (i.e., only a
few minutcs warning at best) on our retafiatory and air defense capability, an 1
all-out attack on industrial targets might be delayed for a perind of hours while
they {the encmy) asscssed the effectiveness of their *first blow" and awaited
our possible surrender before striking again. This period of hours would allow
large numbers of people to travel 50 {o 100 miles to get to suitable mine (or

other) shelter.
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TABLE 4.2

MINES IN THE U.S. SUITABLE FOR FALLOUT SHELTER AND ESTIMATES OF
THE POPULATION BY STATE AND OCDM REGION THAT MIGHT BE

ACCOMMODATED
Pop. Net
Est Without To Be % Of
No.Of Area 1950 Basement Accom. Pop.
M" (sq.ft.) Pop. Shelter In Mines In Mines
ines -3) 23) -3) -3)
State Suitable (x10 (x10 (x10 (x10
OCDM Region 1
Conn. —_ —_— 2,007 201 — —
Maine 1 30 914 10 3 0.3
Mass. J— _ 4,691 230 - —
N. H. —_ P 533 5 —_— e
N. J. —_— —_ 4,835 726 —_— —_—
N. Y. 16 50, 000 14,830 1,480 1,480 10
R. 1. N 792 79 —_ N
Vi. 3 620 378 5 5 1.3
Tolals 20 50,650 28, 980 2.736 1,488

Region | SUMMARY: Greater Than 90% of Population have Access to
Basements.
50% of remainder could be accommodated in mines,

Del.

W. Va.
Totals

10 4,400
11 7,800
29 122,100
4 370
—1. 13,500
61 148,170

OCDM Region 2

318 127 —
802 241 —
2,945 1,180 440 15
2,343 705
7,947 790 780 10
10, 498 100 100 1
3,319 990 a7 1
2,006 800 800 40 .
30,178 4,933 2,157

Region 2 SUMMARY: Greater Than 80% of Population have Access to
Basements.
40% of remaindetr could be accommodated in mines,

(Cont'd) 43




ol T dds e e

TABLE 4.2 (Cont'd)

MINES IN THE U.S. SUITABLE FOR FALLOUT SHELTER AND ESTIMATES OF N
THE POPULATION BY STATE AND -OCDM REGION THAT MIGHT BE i

ACCOMMODATED
Pop. Net
Est. Without To Be % Of i
No. Of Area 1950 Basement Accom. Pop. I ‘
Mi;les (sq. ft.) Pop. Shelter In Mines In Mines _
State  suitable (10”2  (x10”%) x10™%) x10~%) I
OCDM Region 3
Ala. 2 300 3, 062 2, 760 30 1 I
Fla. 2,771 2, 500
Ga. 5 200 3,445 2, 760 20 0.6 s
Miss. 2,179 1,970 ' B
N. C. 2 100 4,062 2, 440 10 0.25
s. C. 2,117 1,480 I
Tenn. 18 2,600 3,282 1,970 260 8
Totals 27 3, 200 20,928 15, 880 320 l
Region 3 SUMMARY: Greater Than 20% of Population have Access to
Basements,
2% of remainder could be accommodated in mines. |

OCDM Region 4

1. 22 12,500 8,712 1,740 1,250 14
Ind. 5 1,800 3,934 780 180 5
Mich. 6 13,900 6,372 960 960 15
Mo. 32 60, 900 3,955 1,190 1,190 30
Wisc. 18 11,000 3,435 510 510 15
Totals 83 100,100 26, 408 5,180 4,090
Region 4 SUMMARY: Greater Than 80% of Population have Access to
Basements.
80% of remainder could be accommodated in mines.

(Cont'd)
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TABLE 4.2 (Cont'd)

MINES IN THE U.S. SUITABLE FOR FALLOUT SHELTER AND ESTIMATES OF
THE POPULATION BY STATE AND OCDM REGION THAT MIGHT BE

ACCOMMODATED
Pop. Net
Est. Without To Be % Of
No. Of Area 1950 Basement Accom. Pop.
Mix; es (sq. ft.) Pop. Shelter In Mines In Mines
State  Suitable  (x10°Y) 107 107 a07¥
OCDM Region 5
Ark. 1 200 1,910 1,530 20 1
La, 4 6,200 2,684 2,550 620 23
N. M. 3 43,600 681 610 610 90
Okla, 75 66,400 2,233 1,780 1,780 80
Tex. 2 700 7,711 6,940 70 1
Totals 85 117,100 15,219 18,410 3,100

Region 5 SUMMARY: Greater Than 10% of Population have Access to
Basements.
20% of remainder could be accommodated in mines.

Colo.
Towa
Kan,
Minn.
Nebr.
N. D.
S. D.
Wyo.
Totals

OCDM Reglon 6

1,325 800
3 1,000 2,621 790 100 4
13 46,300 1,905 950 950 50
3 300 2,982 450 30 1
2 700 1,326 400 70 5
620 90
653 130
201 90
21 48,300 11,723 3,700 1,150

Region 6 SUMMARY: Greater Than 65% of Population have Access to
Basements.
30% of remainder could be accommodated in mines.

(Cont'd)




TABLE 4.2 (Cont'd) °

MINES IN THE U.S. SUITABLE FOR FALLOUT SHELTER AND ESTIMATES OF
THE POPULATION BY STATE AND OCDM REGION THAT MIGHT BE

ACCOMMODATED
Pop. Net
Est. Without To Be % Of
No. Of Area 1960 Basement Accom. Pop.
Mir;e s (sq.ft.) Pop. Shelter In Mines In Mines
State  Suitable  (x10”Y 0™ 0™ (x10™® ‘
OCDM Region 7
Ariz. 1 100 750 680 10
Calif, 0 2,700 10, 586 9,000 270
Nev. 3 500 180 130 50 31
Utah 689 480
Totals 13 3,300 12,185 10, 290 330
Region 7 SUMMARY: Greater Than 15% of Population have Access to
Basements.

3% of remainder could be accommodated in mines.

OCDM Region 8

Idaho 589 240
Mont. 591 180
Ore. 1,521 760
Wash. _ . .. .. ... ... 239 1,190 o
Totals 5, 080 2,370
Region 8 SUMMARY: Greater Than 50% of Population have Access to
Basements.

None of remainder could be accommodated in mines.

GRAND
TOTAL: 310 470, 820 150,701 58,499 12,635

SUMMARY. Greater Than 60% of Population have Access to Basements.
22% of remainder could be accommeodated in mines.
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4.4 CRITERIA FOR DETERMINING SHELTER CAPACITY OF MINES

Various Civil Defense reports have used a minimum space per person
figure on the order of 100 cubic feet. If provision in mine shelters is made for
multi-deck bunks of at least four bunks high, it seems quite reasonable to allow
10 square feet of floor space per person (40 square feet of floor space per four
people). This specification provides for space below bunks, aisles, and service
facilities. While bunks decked four high is a reasonable maximum for con-
structed shelters (as reported in conversations with the human factor engineers
of Dunlap Associates of Stamford, Conn.), it is a conservative limit for under-
ground mines with miniinum ceiling heights of 10 feet and typical heights of
15 to 30 feet.

Mines with between 25, 000 and 100, 000 square feet of area could be equip-
ped to house from 2,500 to 10,000 pecople. Access should be through more than

one entry wherever possible.

Mines of 100, 000 to 1, 000, 000 square feet floor area could be equipped
to house from 10,000 to 100, 000 people, but access is probably impractical
unless there ig at least one drift entrance per 10, 000 people or one shaft

elevator for perhaps each 2, 000 people.

Of the 310 mines listed, 84 have areas in excess of 1, 000, 000 square feet.
Few of these have one or more drift cntrances per 100, 090 square feet so that
it {8 unlikely that they could be used to shelter people at the rate of one person
per 10 square feet unless further entrances were excavated. Direcet examination
would be necessary at each mine site to determine the technical feasibility and
cost of such additional construction. The tabulation by states of shclier spaces
in Table 4.2 assumes that provision could be made where necessary for addi-
tional entrances. These figures are used for state to state comparisons and arc
based on the assumptlion that basement (but not boat) shelier will be used in pre-

ference to mine shelter wherever available.
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4.5 ESTIMATES OF AREAS AND NUMBERS OF PEOPLE WHO MIGHT TAKE
_ADVANTAGE 0F MINE SHE LTER IN EACH OCDM REGION

OCDM Region 1

Mine shelter is of major importance in some parts of New York state.
The mine shelter is not in the same place as the boat shelters and therefore could
complement it very well. Of the 5, 000,000 mine shelter spaces in 20 mines of
OCDM Region 1, from 300, 000 to 600,000 spaces might be readily usable.

OCDM Region 2

Mine shelter is of great importance in West Virginia and of major
importance in Kentucky, Ohio and Pennsylvania. It is unlikely that more than a
very small percentage of the 12,000, 000 spaces in Penngylvania would be used,
since the people living greater than five miles away from these mine shelter areas
all have basements and would probably prefer to stay in them. In Kentucky, the
¢ity of Louisville has 25, 000 shelter spaces accessible through four drift entrances
of one mine. ‘These are a very important rfesourve. In sumnary, ihe i3, 535,000
shelter spaces in 61 mines of this region would probably not be usable by more
than 300, 0G0 to 600, 000 people.

OCDM Region 3

Tennessee is the only state in this region with appreciable mine
shelter capacity. Of the 300,000 shelter spaces in 27 mines, perhaps 100, 000
pcople might actually find this to be their best shelter alternative since there is
little basement or public building shelter and not enough boat shelter in this
region,

OCDM Region 4

Mine shelter is of great importance in Missouri and of major importance
in Michigan, Illinois and Wisconsin, In particular, there are 1,250,000 shelter
spaces all with drift access (49 entrances) in Kansas City and nearby Independence,
Missouri. At least 100, 000 of these spaces (and maybe many more) could be used
by people in and around Kansas City who either do not have basements or whose
buscement shelter is not adequate. The 6, 000, 000 shelter spaces in threc major
regions in Missouri are far more than enough to house the whole state's population.

This state, perhaps better than any other, could investigate in detail the shelter
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possibilities in its 32 mines and prepare both a short notice shelter program for
perhaps 100, 000 people as well as a longer notice evacuation program for many
more. Missouri is one of the two states in the country with inadequate basement
shelter and with a large capacity in both mines and boats. In this state a direct
comparison could be made between the two altsrnate shelter systems.

Similarly, Detroit, Michigan has more than 800,000 mine shelter
spaces and Grand Rapids has over 400,000, The mines in both of these cities,
however, have shaft entrances and only four in each. The percentage of base-
ments in Michigan is higher than in Missouri, but the net population without
access to hasements is about the same. As many as 100,000 people may easily
be accommodated in the Detroit and Grand Rapids mines.

The large number of mine shelter spaces in Illinois and Wisconsin
are somewhat remote from densely populated ceniers. They could, however, be
used as large scale evacuation centers, Certainly 500, 000 and quite possibly
morc than 1,500 000 people in Region 4 enuld be cecommodated in the 10, 000 000

1139499 Teoid sl

shelter spaces available in 83 mines.

OCDM Region 5

The very large number of spaces (6,640, 000) in Oklahoma arc all in
the one small town of Picher. The town's population is less than 5,000 while its
county, Ottawa, of approximately 1, 000 square miles in area, has a population
of 32,000, The 756 mines in Picher have 237 shaft entries. On a several day
cvacuation basis, these mines could provide shelter for people from Oklahoma,
Arkansas and Kansas. Tt is unlikely that more than 200, 000 people, even with

scveral days for evacuation, could take advantage of this capability.

Similarly, New Mexico has all of its 4,360, 000 minc shelter spaces
in one small town, Carlsbad, which has a small population of 18,000 in a county
with a population of 41,000 and an area of approximately 3600 square miles. The
three mines with six shaft entrances all together could provide excellent shelter
for these near-by people and could accommodate more than 3,000, 000 persons
from further away in New Mexico and Texas if it were practical to provide

several day evacuation.

A fair estimate for this region is that from 300, 000 to 600, 000 people
might actually take advantage of the almost 12,000, 000 shelter spaces available

in 85 mines.
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OCDM Region 6

iﬁne sh’e’_lter is of major importance in Kansas. The two mines in
Kansas City have 20 drift entrances and shelter space for over 200,000 pecple.
The utilization of this space probably should be coordinated with similar large
amounts of good mine shelter space, across the adjacent state border in
Kansas City, Missouri. The other shelter space in Kansas is somewhat remote
from densely populated centers but could be used on a several day evacuation
basis. Utilization will, however, be further limited by the small number of
entrances mostly of shaft type to these eleven other mines.

A small amount of mine shelter exists in St. Paul, Minnesota and
somewhat larger amounts exist in less densely populated parts of Iowa and
Nebraska. A conservative estimate for the region is that from 300, 000 to
600, 000 persons could take advantage of the almost 5, 000, 000 shelter space in

the 21 mines.

OCDM Regivn 7

Mine shelter is an important resource for the relatively emall
population of Nevada. The mine shelter space in California is somewhat larger
and is an important resource for those people living in the central part of the
state. The total mine shelter space in the region is, however, small when
compared with the need or with the amounts available in other regions. It is
estimated that between 100,000 and 200, 000 people could take advantage of the
more than 300, 000 mine shelter spaces in 13 mines.

OCDM Region §
Therce is virtually no mine shelter space available in OCDM
Region 8,
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4,6 SUMMARY OF MINE SHELTER POTENTIAL IN THE UNITED STATES

The figures in the preceding section were derived from Table 4,2. That
table lists numbers of mines, estimated mine area, population and basement shelter
for each state. There are 16 states noted specifically in which mine shelter is of
importance. Their identity, location and likely capacities are shown in Figure 4.1.
It should be noted that more capacity exists than could be used in the states of
New York, Pennsylvania, West Vivginia, Michigan, Missouri, Wisconsin,
New Mexico, Oklahoma and Kansas. Evacuation across state borders may be an

important tactic (if waxrning time is sufficient) in the Midwest and South.

The conservative estimate of the capacity likely to be used for mine shelter

is summarized as follows:

Number of People Likely

OCDM Region to Use Mine Shelter
1 30U,0uf W 800 n0o
2 300,000 to 600,000
3 100,000 to 200,000

500,000 to 1,500, 000
300,000 to 600,000
300,000 to 500,000
100,000 to 200,000
8 None

Total for Continentn] United Sthes i, 400, 000 to 4, 300,000

BCY- S EPN

The conditions under which 2, 000,000 to 4, 000, 000 people of the continentnl
United Stotes might vealistierlly tnke advantage of the theoretical 47, 000,000

shelter spares in mines are as follows;

Y Mines not otherwise occupied with military facilities, storage
of matevialg, o1 industrial plants.

2) Mincs and mine entr necs not seriously damaged by nuclear
attark oy sahotage,

3) Mines nest to the population nceding shelter,

4) Mines enbrances sufficient]ly large and numerous o permit
latge numbers of people to enter in a short period of time.

5) Mines free of danger s of obnoxious fumes and fitted with pro-

teeted ventilating systems adeguate for the number of people

to be housed, 51
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6) Mines fitted out to bunk people for two weeks at a capacity of
up to one person per ten square feet (bunks at least four high).

7) Mines fitted out with sanitary and safety devices for the com-

plement assigned. £t
8) Mines stocked with water (if not naturally available under- S
ground), food, medical supplies and fuel (if heating is
essential).
9) Population is organized to enter the mines in a time period
that is safe considering the likely or actual radioactive fallout.

10) Mines are managed by suitable monitors,
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CHAPTER 5
CONSTRUCTION OF A MINIMUM-TYPE IMPROVISED BASEMENT SHELTER

5.1 INTRODUCTION AND OBJECTIVES

As was stated in Chapter 1 of this report, a shelter factor of 100 against
fallout radiation is believed to be a realistic minimum for the populace in those
areas where the highest levels of fallout might occur as a result of a full secale
nuclear attack on both our military and industrial potential. Although in the
larger citics and towns (of at least 50, 000 population), the basements and per-
haps even some of the upper floors of large multi-story public and private
buildings may offer considerable shelter space with a factor of 100 or more
against fallout radiation, most of the smaller cities and towns are not estimated
to have adequate communal shelter potential for more than a small percentage of
their residents. * Hence, it appears that the best low-cost shelter tactic for the
miiiions of people i1ving 1n the suburbs in thuse areas of the unitea States wnere
basements are prevalent, is to make use of their own home basements. These
basements on the average offer only a factor of about 20 against fallout radiation;
thercfore a factor of five improvement is necessary to bring the shelter factor

for the shelter area selected up to the minimum suggested figure of 100.

The Office of Civil and Defense Mobilization has prepared a booklet entitled
“The Family Fallout Shelter® (June, 1959) which gives detailed design and con-
struction information for building several types of fallout shelters on the individual's
premises, To date, more than a million copies of this booklet have been distri-
huted to interested citizens all over the country. The lowest cost shelter described
is o basement solid-conerete, block shelter which can be built for a materials’
cosl of $150 to $200, and is suggested as a "do-it-yourself® project. There is no
doubt that a large number of American families could afford the $150 to $200 with~-
out having to make any important sacrifices in their normal schedule of activitics.
Whether they would in fact spend this amount of money, however, depends on how
highly they are motivated to provide this insurance for themselves. In addition,
it may well mean giving up valuable space in the basement which is cither alrcady
bemng used for other purposes, or for which plans have been made — such as
making a finished room for the children — although in some situations a dual pur-
pose use can be incorporated  There is also the problem of construction. To be
© §oc Chapter 6

r
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sure, the seasoned *do-ii-yourselfer” will generally be willing to tackle most
any job whether he has previously done anothér one similar to it or not, but put-
ting up a permanent concrete block shelter is probably a more ambitious under-

taking than the great majorily of homeowners have ever run into before.

These three potential deterrents — cost, space, and construction — to
building a basement concrete block shelter prompted the improvised home base-
ment fallout shelter study reported in the following sections of this chapler.
Specifically, the objectives of this study were:

1, To design and construct a fumily-size, sit-down-type, fallout

shelter in the corner of an average home hasement,

2. To determine the reahstic minimum material costs and minij-

mum time required {0 assemble the shelter.

3. To deiermine whether this wype o sheiter eould be buii in the
minimum time interval {roughly one hour) between H hour and
the time of arrival of significant fallout outside the more im-
mediate blast and thermal areas, if the materials were properly
stnred along the hasement walls out from the corner selected

for the shelter area.,

Scction 5. 2 discusses the basic materials eonsidered for the mass shielding
and shelier support, the materials finally selected, and the costs involved.
Scction 5.8 describes the methad and technique of constructing the improvised
sandbag shelter, the time for cons{ruction, and the various dimensions, loads,

and strcsses.

Section 5,4 presents the results of nn experimental test to determine the
shelter factor provided by the structure to both Cobalt 60 and Iridium-!{92 gamma
radiation, while Section 5. 5 describes two simulated nccupaney teats to determine
the probable temperature vise and build-up of earbon dioxide over a two-day
period.  Section 5.6 discusses general habitablity considerations and suggests a
possible time schedule for exeursinns out of shelter starting at 48 hours after

the attack.

In Section 5.7, a structural comparison is made between the cubical type of
shelter desceribed above and a lean-to type of shelter which has been suggested by
others as having certain possible advantages. Finally, the conclusions relating

to this maprovised boscmoent fatlout shelter are presented in Section 5.4,

Bbs §
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5,2 MATERIALS AND COSTS

For a rectangular shelter built into the corner of the basement, the lowest
cost for any given mass shielding material per cubic foot of shelter volume
occurs when the floor area is a square and the height is equal to one side, form-
ing a cube. If we allow 70 ft. 3 per person for a family of five — a total volume
of 350 ft. - this corresponds to a cube 7 feet on a side, and provides 10 ft.2 of
floor space per person. Actually, the ceiling height of most home basements
would automatically limit the inside shelter height to a maximum of about 6 feet.
In order to keep the construction as simple as possible, however, it was decided
to lower the inside height to 4 1/2 feet and increase the floor area from 50 to
about 75 ft. 2 (15 ft. 2 per person). This, of course, would not allow adults to
stand erect inside the shelter, but it was felt that the psychological advantage of
being able to stand erect was less important than the degree of simplification in
shelter construction afforded by lowering the ceiling height for a minimum-cost
home harement rhelfer decigned aa o An-it-yourself project, and which could be
put up in the shortest possible time. The additional cost of mass shielding and
construction materials (for a given shelter volume) turns out to be only 15% more
than would be required for a shelter with a 6-foot ceiling. For the actual sandbag
shelter constructed, this "additional® cost is not meaningful since the simple
design adopted would not allow increasing the height with safety to 6 feet without
additional support members,

The prime objective in selecting the mass shielding material to provide an
additional shelter factor of 5 over the existing factor of 20 assumed to exis{ in
the corner of a home basementi, was low cost consistent with ease of construction
and long life. Two materials which might frequently be available at essentially
no cost are paper (old newspapers, magazines, books, etc.) and water. Paper,
however, is hygroscopic, bulky and a distinct fire hazard. An cffort was made to
determine {f fireproof and watertight bags could be obtainad in which to place news-
papers, bul bag manufacturers stated that no such bag is available, and if it were,
it would he expensive, Water has the distinct advantage that it can be used for
drinking or other purposes when the need for shelter diminishes; however, no
suitable low-cost container could be found which would allow for convenient stack-
ing to make the shelter walls. One big problem seems to be that water tends to
rust through any common metal container if left standing in it for a period of a

vear or motre
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"Having thus climinated these two materials from consideration, a list of
five common building materials was drawn up and a comparison made of the
thicknesses and costs required to give an additional shelter factor of 5 in the
basement of the average house. This comparison is presented in Table 5. 1.
The net shelter volume was taken to be 360 cubic feet with inside dimensions
of about 8'9" x 8'9% x 4'7", Earth and sand are seen to be the two least expen-
sive media which when bagged in high quality paper-asphalt-lined § burlap bags,
with 60 pounds per bag, result in a total cost of $35. The equivalent cost of
mass shielding with used bricks is about $75, while that for wood or concrete
blocks is sbout $100. Wood has the advantage of being a potential source of
heat as the need for shelter diminishes. Also, in the more rural areas, many
people either have a supply of firewood (or serap lumber) on hand at all times
for which they have paid little or nothing, or can get it from nearby woodlands
at little or no cost. Firewood has the disadvantage of being bulky, requires a
thickness of 256 inches, and is not easily "formed"” into sturdy walls, Concrete
blocks without doubt offer the neatest and most compact solution, but costwise
they cannot compete with sand,

TABLE 5.1

COMPARISON OF THICKNESS AND COST OF COMMON SHIELDING MATERIALS
REQUIRED TO GIVE ADDITIONAL SHELTER FACTOR OF 5 IN BASEMENT
OF AVERAGE HOUSE

Required Size of No. of Weight Cost Per Total
Thickness Basic Units Per Unit Unit(l) Cost

Material (inches) Unit Reguired (lbs.) (dollars) (dollars)
1. Wood (birch, e¢lm, 25 8'x4'x4! 3 cords ---- $35. 00 $105
maple, oak)
2. Earth (loose) 13 60 1b. bag 235 60 0.138(2) 33
3. Saud (dry) 10 601b. bag 235 60 0.148®) 35
4. Brick (common) 9 2" x4"x8" 3300 4.5 0. 023(’3) 76
5. Solid Concrete Block 7.5 4"x8"x16" 380 44 0.25 95

(1) Delivered price in the Boston, Mass. area.

(2) Cost of high quality used bag is 10 cents. Ordinary fill costs $1.25 per ton,
while unwashed sand costs about $1.60 per ton.

(3) Used bricks.




After analyzing the information in Table 5.1, it was decided that a sandbag
shelter offered the required protection for the lowest cost consistent with good
design. The only other material cost besides the sand and bags is enough lumber
to form the roof and other supports to sustain the sand load., Table 5.2 lists the
malerial costs for the sandbag shelter actually constructed.

TABLE 5.2
MATERIAL COSTS FOR HOME BASEMENT SANDBAG SHELTER
Muterial Quantity Cost/Unit* Amount
1. Used burlap bags**¥ (16%x27"%) 235 $ .10/bag $23.50
(lined with paper asphalt)
2. Unwashed sand ‘delivered) 7 tons 1,60/ton 11.20
3. Western hemlock, utility grade 1R pieces .11/bd. ft. 27.50
lumber [27x10%x101) (250 bd, ft.)

Total $62. 20

* Recent price in the Boston, Massg. area.{These prices will of course vary
throughout the country.)
+4 These hags were vriginally used to ship popcorn.

The type of sandbag used for this shelter is in limited supply as a used item.
However, if made available in civil defense guantities, it is belicved that these
bags could he manufactured io sel! for about $0.10 per bag, There are many
types of burlap bags available in this general price range though slightly more
expensive.  One nf these i8 the standard gunny sack (18" x 28%) used in large
numbers by the Army for general purposes. This sack sells for $0.15. The
Touse weave of the gunny sack is a disadvantage because it tends to leak sand, A
muain advaniage of the gunny sack and the lined bag actually used in the minimum
shelter, however, is that according 1o the bag suppliers, they will last for at
Tenst five yvensrs filled with dry sand and stored in a reasonably dry area. The
western hemlock otiiity grade lumber was chosen hecause of its general avail-

ability and tow cost relanive to its load-car rying ahility,




5.3 CONSTRUCTION PROCEDURE

5.31 Filling and Storing the Sandbags and Wood Planks

The first step is to fill the 235 bags with about 60 pounds of dry sand
each. The seven-ton pile of sand i8 shown in Figure 5.1 as it was delivered
from the truck. The pile is roughly 6 feet by 5 feet by 4 feet high. A convenient
average rate for filling bags turned out to be about 20 bags per man-hour. This
includes, however, the time to tie the filled bags with either baling wire or
ordinary string, and store them properly. The bags were actually filled outside
and then placed in the basement by putting them through a basement window and
sliding them down a ramp congisting of two of the 2% x 10" x 10' planks used later
for the shelter roof. Figure 5.2 shows the bags in the process of being filled,
while Figure 5.8 shows the filled bags placed outside the basement window ready
to be sent down the ramp (8ee Figure 5.4). The bags are then stored along the
basement walls out from the corner as can be seen in Figure 5.4.

The fifteen 2" x 10" x 10' planks can be stored at any convenient
gpot in the basement. One useful storage scheme 18 to make temporary shelves
out of them using bricks to separate each shelf by the desired distance as shown
schematically in Figure 5.5. Two of the planks should be sawed in half to form
four 5-foot sections. One of these sections is used as the cornerpoat support for
the roof. Two are used as midsupports (see Figure 5.6) for the plank serving as
an end support for the other twelve planks which actually form the roof. The last

5-foot scction is placed over the shelter entrance.

5.32 Setting Up the Shelter

First the outside shelter dimensions of 10' by 10' are marked on the
cellar floor and the sandbags making up the two walls of sand are placed along
these iwo lines. Figure 5.6 shows a sketch of the first wall in the process of
construction. Each wall is 12 bags high and 6 bags wide for a total of 72 bags.
The bag is placed so that its long dimension is perpendicular to the wall, Note
that the bags are stacked directly on top of one another rather than interleaved.
This was done solely for simplicity and ncatness after it was determined that thc
wall built in this way had satisfactory strength and stability (after the roof was
completed) and the total "pin-hole" areas through which light or air could pass

did not noticeably affecet the over-all shelter factor provided by the structure.
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Fig. 6.5 Storing Shelter Plenks in the Form of
Temporary Shelving
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Fig. 5.6 First Wall of Improvised Sandbag Shelter
in the Process of Construction
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Figure 5.7 shows the completed walls and the roof éﬁppqrt planks
including the 5-foot post and midsupports, and the two parallel planks about 9 feet
apart. The shelter entrance width is about 18 inches, Figure 5.8 shows the method
of constructing the roof. Two planks are placed over the support planks as shown,
and a layer of sandbags laid on the planks. Two more planks are then put in posi-
tion and the process repeated until the 12 planks are in place and the roof covered
with six rows of nine bags each. The remaining 35 to 40 bags are placed more or
less randomly over the roof to give the required average thickness. A front view
of the completed shelter is shown in Figure 5.9. Note that the maze entrance con-
sists of a column of bags set in at about 45 degrees to the shelier wall. The maze
does allow a narrow beam of radiation to enter the shelter, but this beam must then
scatter off the basement wall inside the shelter before contributing to the dose rate
over most of the shelter volume. A radiation experiment performed on the shelter
indicated that this contribution is not important.

The approximate final dimensions of the completed shelter were as

follows:
1. Outside dimensions: 10'x 10" x 5'8"
2. Inside dimensions; 819" x 819" x 4'7"
3. Volume: 350 cubic feet
4. Effective wall thickness: 11" (sand)
5. Effective roof thickness: 8" (sand)

5.33 Beam Stresses Due to Roof Load

The maximum recommended stress for western hemlock beams
(utility grade) when used for permanent structures is 1200 1b, /in. 2. The total
roof weight of 5460 1b, (i.e., 91 bags at 60 lb. /bag) is supported by 12 planks,
or 450 1b. for cach of the 12 members. The effective span length is about
8 1/2 feet, which corresponds to a load of 53 1b./ft. The formula for stress in
rectangular beams supported at both ends is given as:

2 2
s WL OYONE-B), . 4150 1, /in. 2 5.1)
bh {9.75)(1.75)
where: 8§ stress in beam in pounds per square inch

w - load per unit length of beam = 53 1b, /ft.
1 - length of span = 8 1/2 feet

b heam width = 9 3/4 inches |
! , 2" x 10" plank
h - beam thickness = 1 34 inches
62
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Fig. 5.7 Sandbag Shelter Showing Completed
Wwalils und Kool Supporis

Fig. 5.8 Sandbag Shelter Showing Method of

Constructing the Roof
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Fig. 5.9 Front View of Gompleted Sandbag shelter
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Thus we see that the 12 western hemlock beams forming the roof are

= stressed to just beiuw the maximum recommended stress for permanent structures.

The maximum deflection of the beams is given by:

4
5wl
Y ¥ 384R1 (3-2)
where: vy = maximum deflection in inches
E=1.4x10° b, /in. 2 |
3 |
1= E—'lh—z- = moment of inertia |

When numerical values are substitued in this equation, the maximum beam |

deflection is found to be just over one inch, Subsequent measurement on the
actual shelter verified this calculation for the maximum deflection.

The beam which supports the 12 roof membhers on one side must sup- |
port half the total roof load or 2,730 !». This beam, however, is supported at
the 1/3 and 2/3 points along its lcngth as shown in Figure 5.6, which cuts the
span length to approximately 3 feet. The load per unit length is:

2,730 1b.
w b 303 1b, /ft.
Hence, the maximum stress in this beam is found from equation (5.1) to bes
2 2
{ I
s 2L = 00D . 850 1b. /in. 2

bh®  (9.75)(1.75)

which is well below the maximum recommended value of 1200 1b. /in. 2

In summaty, the roof load and heam siresses are as follows:

1. Total weight of roof: 5, 460 Ths,

2. Effective ronf Joad on hemlock 2
heams: 63 lbs, /1t

3. Maximum stress in hemlock roof 9
heams: 1,150 tbs, /in, ”

4, Maximum stress in roof support 2
beams: 820 Ibs. /in.

5. Maximum recommended stress for o
western hemlock {permanent struc- 1,200 Ibs, /in. ©
tures);

6. Maximum beam deflection: 1inch




Fig. 5.10 PHOTOS SHOWING ACTUAL PROGRESS IN BUILDING SHELTER
AT 5-MINUTE INTERVALS. Total Construction Time Was
556 Minutes for One Man,
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Fig. 5.10 (Cont'd) PHOTOS SHOWING ACTUAL PROGRESS IN BUILDING SHELTER

AT 5-MINUTE INTERVALS. Total Consiruction Time Was
55 Minutes for One Man.
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6.34 Time Required to Assemble Shelter

One of the objectives of this sandbag shelter study was to determine
whether this type of shelter could be built by one person in the minimum time
interval estimated at roughly one hour between H hour and the time of arrival of
dangerous fallout levels outside the more immediate blast and thermal areas, if
the materials were properly stored along the basement walls.

To determine the minimum construction time, the assembled shelter
was dismaniied and all the sandbags and roof support members carefully stacked
along the walls vut from the corner. One man then proceeded to construct the
shelter with pictures taken at 5-minute intervals to show the rate of progress.
The construction was completed in 55 minutes without difficully. Figure 5.10
shows the actual progress after each 5-minute interval. Note that the walls
were put up in just 20 minutes, while the roof took 35 minutes,

Admittedly, fatigue started to set in toward the end, and the effect
on the lower back muscles was noticeable for the next 24 hours or g0, By
38 hours, however, the stiffness had all disappeared. The sandhags actually
used in this test were filled to an average weight of about 70 lbs., rather than
60 1bs. as recommended here. The 70-1b. weight was all right for the walls
where the bags didn't have to be lifted very high, but was a definite handicap in
building the ronf. In those instances where a woman might have (o assemble this
type of shelter, the weight of the bags should probably be reduced {o no more than
50 pounds,

(1
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5.4 ESTIMATE OF SHELTER PROTECTION FACTOR

T TN R

A radiation experiment was performed to estimate the degree of shelter
protection offered by the sandbag shelter against radiation sources in the base-
ment. Cobalt-60 and Iridium-192 were selected as the radioactive sources to
be used because their gamma ray energies bracket those of mixed fission
products.

|

|

|

A 0.355 curie Cobalt-60 source was placed in the center of the shelter and

I radiation intensity measurements made at more than 400 grid points on the walls
and roof of the shelter after reciprocity* was checked and found to hold. The

l experiment was then repeated using a 0.70 curie Iridium-192 source. The totals
of all measured intensities on each shelter wall and the roof for each experiment
were then summed and compared against the corresponding theoretical intensities

I that would have resulted if the shelter weren't there. The ratio of the theoretical
to the measured intensities gives the estimated protection factor for the shelter.

' The results of this experiment are summarized in Table 5.3. From the table,
the shelter is seen to offer an over-all shelter factor of 4.0 against Cobalt-60

I radfation and 7.5 against Iridilum~192, Neither the distribution of gamma ray ener-
gies in a basement nor the effective source distribution of radiation in the basement
due to fallout is well established; however, it is believed that the energies of im-

I portance probably lie somewhere between those of Cobalt-60 and Iridium~192, and

for lack of a better assumption, the source distribution is generally taken to be

isotropic. If these assumptions are realistic, then the sandbag shelter as de-

scribed in this chapter should conservatively offer an additional protection factor

of five over that which already exists in the basement.

* Reciprocity i8 said to hold when the position of the source and detector can be
Interchanged without altering the detector reading.

- —e
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5.5 SIMULATED OCCUPANCY TESTS

In order to get certain information on the physiological environment of this
"minimum® sandbag shelter, two simulated human occupancy tests were made: ﬁ

1. A test to determine what the temperature rise inside would be
due to the body heat radiated by the shelter occupants.

2. A test to determine the amount of build-up in the carban dioxide
content of the air inside the shelter, when 002 was introduced
at the rate at which it would be exhaled by the shelter occupants.
(This would give a measure of the degree of air circulation from

the basement into the shelter.)

5.51 Temperature Rise in the S8helter

It has been determined that an average adult under sedentary condi-
tions radiates about 200 BTU*s per hour if the ambient temperature is 75°F. The
corresponding figure for a child is 150 BTU's per hour. These rates decrease
as the temperature increases, falling to zero at about 100°F. About 200 BTU's
are also removed from the body by cvaporation from the skin when the relative
humidity is about 60%, the amount of evaporation, of course, dropping to zero

when the relative humidity reaches 100%.

To determine the cxpected temperature rise in the shelter over a
two-day period due to the heat radiated by a family composed of two adults and
two children, 700 BTU's of heat were introduced by means of ordinary incandescent
light bulbs. After 24 hours the temperature at the ceiling of the shelter had sta-
bilized 6° above the ambient bascment temperature of 74°F. At the center of the

shelter it was 5° above ambient.

From this test it would appear that temperature rise is not likely to he

a serious problem for this {ype of shelter.

5.52_Air Circulation Study

One possible limitation to the livability of the home bhasement sandbhag
shelter is the pollution of the air in the shelter by the occupants. The objective
of this study was to estimate the extent of this hazard over a 48-hour period by

introducing carbon dioxide at the rate it would be exhaled by a family of four.
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The average person, under sedentary conditions, exhales carbon
;dioxlde at.the rate of 18 liters per hour. * Thus to simulate a family of four,
€O, was introduced into the shelter (from a 50-pound tank) at the rate of
72 liters per hour, and the CO2 concentr.a.tion monitored with a standard
"Fyrite"** instrument over a two-day period. The instrument has a maximum
scale reading of 20% and can be used for accurate determinations down to 1/2%.

If no exchange of air were to take place, the volﬁme of CO2 in the
shelter would represent 35% of the shelter volume. The result of this test,
however, was that the CO2 level never reached the minimum reliuble instrument
reading of 1/2% over the two-day period, indicating that there was ample air
circulation between the basement and the shelter. (It is interesting to note that
the maximum allowable 002 concentration for public buildings is listed as
1/2% in the 1956 edition of "Heating, Ventilating and Air Conditioning Guide"')

* Roger Williams, "Textbook of Biochemistry".

** This instrument is used widely by home oil burner servicemen to determine
combustion efficiencies.
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5.6 HABITABILITY CONSIDERATIONS AND TIME SCHEDULING FOR

EXCURSIONS OUT OF SHELTER

Although no human occupancy tests were conducted with the sandbag
shelter, considerable thought was given to the distinction between those
essential items and functions which should be provided or carried out in the
shelter at the start and those items which could be taken from or carried out
in other parts of the house as needed after the second day in accordance with
a realistic excursion schedule which would allow for increasing time spent
out of shelter each day.

5.61L Essential Shelter Items*

The first item considered for the shelter was sleeping facilities.
Either standard folding cots (16" high, 27% wide and 75 1/2% long), or air
mattresses appeared to be satisfactory. The folding cots, which can be pur-
chased new for about $4.50 per cot, were actually tried out and found to be
quite comfortable. A potential disadvantage of the air mattress is the chance
of its springing a leak which might be difficult to fix on the spot.

It was felt that a good strong light source suitable for reading
without eye strain in the shelter should be provided. Candles are perhaps
the least expensive source of light available and can be readily stocked. The
illumination from the candle can be considerably enhanced by using reflectors
made oul of any "silvery® material such as aluminum foil; also, painting the
cciling white will inereasce the illumination. A more elegant source of light
would be a gas lantern (such as Coleman’s) which can be purchased for $10
to $12, provides enough light for all shelter activities, and will operatc for
15 to 20 hours on a pint of non-leaded gas. Hence, a gallon of gas would
operate the lamp for 10 to 12 hours per day for 2 weeks! A flaghlight or two

should, of course, in any casc, be available for emergencics.

Enough fond and water should be provided in the shelter for at
least two days. After this time, the excursion schedule (to be described later)
will allow for getting food and water from the kitchen or other parts of the
house. It is most important, however, to have at leust a two-weeks supply of
canned or non-refrigerated fnod in the house. If water is derived from open
reservoirs, it may well be contaminated. Although it is most unlikely that

this contamination would cause sickness at carly times due to drinking, water

* Not intended to be an all-inclusive list.
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in the hot water tank would be free from any contamination and should be used
for consumption if there is any question concerning the safety of the puhlic
supply. Cooking should probably be kept to a minimum, but a camp stove (such
as Sterno cookers, Coleman stoves, etc.) would be a very desirable addition to
the shelter for use if the family so desired.

Although clearly not essential for physical survival, recreation
facilities may have a profound morale effect on the shelter inhabitants. Books
{(including song books), games, and items conducive to a variety of creative or
productive activitics should be included in the shelter.

Finally, two indispensible shelter 1tems are a bat{ery-powered
trangistorized radio and a radiation detection instrument. A variety of one-
transistor, "pocket” radios using one penlight cell can be purchased for about $5,
which are capable of picking up standard hroadeast radio stations at distances up
to at least 30 miles. A radiation detection instrament described in report
No. TO-B-60-21 entitled "The Electroscope -- A Home-Made Radiation
Detection Instrument for Home Use" prepared for OCDM and dated May 15, 1960,
can be assembled by anyone with a do-it-yourself interest for a materials cost
of less than $1. This mstrument, which gives an indication of the radiation
intensity, can be used 1o determine when it is safe to come oul of shelter and
for how long. A citizens® insirumenl "package’ is now commercially available
through Bendix Corporation, 3:30 Wasson Road, Cincinnati, Ohio. The three-
instrument package is approved by OCDM and sells for $20, To accurately deter-
mine radiation intensity, only two of the three inetyuments are required, and
these two can he hought for $15.  Although the third instrument, 1 600 r high-
range dosimeter {cost, $7), is intended o be used to keep an aceuinte and
reliable record of the citizen®s total radiation exposure, it ean be used by itself
{and & wateh) in emer genev 1o esumate the owside average radiation intensity
level over a short period of time. A rough indieation of the dose rate in the
shelter can then be found by dividing by the estimated shelter factor.

5.62 Time Scheduling fo: Excursions out of Shelter

sinee all radistion exposore ig assumed to be harmful 1o humans,
one should dn everything pnssible to minimize ms dose due to fallont, The longer
one plans to stay in shelter, however, the mnre elabnrate und costly the shelter

and its provisinns will have th be, and the slower will be the rate at which
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recovery operationg can proceed. For example, the problems of food and water
supplies and the disposal of human wastes become simpler if one can plan on
making even very short excursions from shelter (i.e., fractions of an hour) after
two days as opposed to having to remain constantly in the shelter for two weeks.
The purpose of this Section is to suggest a possible schedule starting after 48
hours and continuing through the next 12 days which would allow for gradually in~
creasing excursion times each day from an improvised basement shelter to carry
out essential activities even in the heaviest probable fallout areas.

From Chapter 6 of rep.ort No. TO-B 60-13 entitled, "The Probable
Fallout Threat over the Continental U. 8." prepared for OCDM and dated 12/1/60
the heaviest fallout areas (representing 1 or 2% of the land area) outside the
immediate blast zones might be expected to receive up to a 10, 000 r two-day dose,
while 5% of the land arca might have a two-day dose of 5,000 r or greater,

The following example of a possible excursion schedule is based on
the assumption of a 5,000 r two-day dose, an improvised basement shelter factor
of 100, a shelter factor of 20 in the basement, and a factor of iwo upstairs in the
house. It is further assumed that the shelter occupants might receive about 25 r
in the basement during the first critical hour or so while the shelter and necessary
supplies are being assembled, and that the dosc rate after 48 hours will have
fallen to 20 r/hr,

During the first two days the shelier occupants would receive about
45 v in the shelter, and from the third through the fourteenth day, an additional
15 r in sheller for a total of 85 r. If a maximum additional dose of 5 r per day
were allowed for carrying out essential activities, this would bring the two wecks!
total exposure to 150 r which, although it should be avoided if at all possible,
would not be expected to result in significant incapacitation to the average adult.
A daily limit of 5 r outside the improvised basement shelter could be maintained
with the schedule as shown in Table 5.4. In summary, onc could spend up to
30 minutes upstairs after the sccond day, and increase this time by about 20
minutes each day for the next twelve days (assuming no basement or outside ex-
cursions). Or, one could spend up to 15 minutes outside after the second day and
increase this time by approximately 10 minuies cach day over the two~week
period. After the first week, une couid actually spend a number of hours in the
basement ench day without having to curtail upstairs or outside excursion times

by more than about 20%.
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TABLE 5.

4

EXCURSION SCHEDULE OUT OF IMPROVISED BASEMENT SHELTER IN
FALLOUT AREA RECEIVING A TWO-DAY DOSE OF 5,000 ROENTGENS

TIME SPENT EACH DAY FOR 5 R ADDITIONAL DOSE

In Basement

Intensity Outside at

End of Day (hours) or__Upstairs or Outside End of Day (r/hr)
2 5 30 min. 15 min. 20.0
3 8 50 min. 25 min. 12.4
4 11 1/2 70 min. 35 min. 8.8
5 15 1 1/2 hrs. 45 min. 6.8
6 18 13/4 hrs, 55 min. 5.6
7 22 21/4 hrs, 65 min, 4.6
8 all day 21/2hrs. 1 1/4 hrs, 3.9
9 all day 3 hrs. 11/2hrs. 3.4

10 all day 3 1/4 hrs. i 3/4 hrs. 3.0
11 all day 34,4 hrs. 2 hrs. 2.7
12 all day 414 hrs, 2 hrs. 2.4
13 all day 41,2 hrs. 21/4 hrs. 2.2
14 all day 5 hrs. 2 1/2 hrs, 2.0
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Some of the many possible reasons which people will feel are
important enough to make excursions from shelter during the first two weeks

o

are as follows:

1. Disposal of human waste.

2. Obtain additional food and water from elsewhere in the
house.

3. Obtain items such as additional blankets for comfort, or
recreation materials.

4, Attempts to contact CD authorities to get information on
outside conditions, find out about the safety of relatives,
friends, etc.

5. Need for fresher air.

6. Exercise.

7. Curiosity.

Since children's need for exercise is paramount, it would appear that
their excursion time should be spent entirely in the basement if possible for at
least the first week. This would give them the maximum time out of the shelter
for a given exposure, which should, if at all possible, be kept well below the 5 r
per day suggested for essential excursions, It should be noted, that the radia-
tion hazard is substantially reduced each day for the first four days, and at the
end of four days there is still a 25% "saving™ to be made in waiting unti] the end

of the fifth day to carry out any upstairs or outside task.

The excursion times listed in Table 5.4, to kecp onc's total dose over
two weeks to 150 r, cannot be scaled directly for either higher or lower two-day
dose levels. However, even in an area contaminated to a 10,000 r two-day dose
level, halving the excursion times shown in the table would still not result in a
two-weeks’ dose of more than 200 r which is not expected to cause any significant
incapacitation. Where the two-day dose level was 2500 r, the excursion schedule

shown would result in a two-week dose of only 100 r.
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5.7 'COMPARISON WITH A LEAN-TO TYPE OF SHELTER

It has been suggested that a lean-to type of shelter might result in a more
efficient use of sandbags as a shielding material than the cubic structure de-
scribed in this chapter. If the same 2" x 10" x 10' planks were used for a lean-
to shelter, the maximum shelter volume would resx.xlt when the boards made a
45° angle with the basement wall and floor, reaching 7 feet up on the wall and
7 feet out on the floor from the wall. A calculation shows that to provide the
same net shelter volume of 350 cubic feet, the lean-to must be 14 feet long
which would require 17 planks (as opposed to 15 for the cubic structure), and
205 60-1b, sandbags (as against 235 bags for the previous design), Thus from
the point of view of material costs, the two designs are within $1 of being a
standoff.

The lean-to shelter would have the obvious advantage of allowing standing
room at the basement wall end, but has a major disadvantage in that a strong
support would be needed along the 14-foot length where the boards (and sandbags)
meet the floor to keep the whole structure from sliding out and causing the
shelter to collapse. Another possible disadvantage would be the tendency of the
bugs to "bunch up® near the bottom, leaving "bare® space toward the top, This
condition would be particularly aggravated during the shelter construction
period since the person assembling the shelter would have to walk over the
lower bags in order to place the higher ones in position.

The seriousness of these construction problems can best be determined
by actual experimeni; however, it is our belief that the lean-to shelter would
not in general be as easy to construct as the cubical structure. A possible
cxception might be where the width of the basement at the shelter location was
just egual to the dcsired width of the shelter thus eliminating the problem of
finding a suitable support at the floor for the planks and bags.
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'5.8 - CONCLUSIONS

1,

A family-size (i.e., 350 cu. it.)'sandbag, sit~-down=type of fallout
shelter can be easily constructed by the homeowner in the corner of
the basement for a materials’® cost of about $60.

This shelter, which offers a protection factor of about 100 against
outside radiation levels, can be assembled in an hour by one person
if the materials are properly stored along the basement walls out
from the corner.

Normal air circulation between the shelter and basement appears to
be sufficient so as not to result in any serious discomfort to the
shelter occupants for the time they must spend in shelter. Likewise
the shelter temperature is not expected to rise more than a few
degrees above the ambient basement temperature.

A lean-to-type of improvised basement shelter offers no cost ad-
vantage over a cubical structure, and in general, will not be as easy
to construct.

Realistic excursion schedules out of an improvised basement shelter

appear possible after two days even in the heaviest fallout areas.
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CHAPTER 6

SHELTER POTENTIAL AND OTHER ESSENTIAL POST ATTACK RESOURCES
T IN AN ACTUAL SUBURBAN COMMUNITY

6.1 INTRODUCTION

Since thousands of smaller cities and towns in the United States may be
isolated and have to survive for days or weeks after a nuclear attack solely on
their own, it is of prime importance for each town to know exactly what its
shelter potential is and what essential resources it can count on in the post
attack period if it is fortunate enough not to be in the heavy blast damage area.
This is perhaps most important for suburban cities and towns which are, say,

10 to 30 miles away from prime industrial or military targets. These com-
munities would undoubtedly suffer some blast and thermgl damage, but their
population could likely survive the attack if adequate and sufficient fallout shelter

were available together with a two-weeks supply of food' and water.

A shelter factor of 100 was selected in Chapter 1 as being a realistic
minimum for those areas likely to have the heaviest fallout. The average home
basement provides only a factor of about 20 against the outside intensity, while
in some areas, only a small percentage of the homes even have bascments (see
Chapter 2). Two other potential sources of good shelier in certain areas are in
covered boats more than 250 yards off shore, and in mines as discussed in
Chapters 3 and 4 respectively.

An attractive source of potentially good shelter is the basements and per-
haps some of the upper floors of large public and private buildings where shelter
factors of 100 or more frequently exist without the nced of any modifications or
improvements. The Office of Civil and Defense Mobilization is continuing to con-
duct fallout shelter surveys in some of the larger citics in the country. Surveys
are now essentially completed for Tulsa, Oklahoma; Montgomery, Alabama; and
Contra Costa County, California. While others either planned or proposed for
completion next year include Milwaukee, Los Angeles, New York City, the State
of Dclaware, and Tallahassee, (Fla.). Some of the key results*of the surveys
completed to date are summarized in Table 6.1,

* Data taken from 2 copy of a talk entitled * Fallout Shelter Survey of the Central
Business District, Tulsa, Oklahoma" presented to the U, 8. Civil Defense
Council, Houston, Texas on October 15, 1959, by Paul H. Rogers of OCDM.
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TABLE 6.1

RESULTS OF SHELTER SURVEYS IN TULSA, OKLAHOMA METROPOLITAN AREA,
MONTGOMERY (CITY AND COUNTY), ALABAMA, AND f
CONTRA COSTA COUNTY, CALIFORNIA =

Per Cent of Population that can be Sheltered

With Shelter With Shelter
Area Population Factor = 50 Factor = 10
Tulsa, Oklahoma 322, 847 31.3 100,
Mctropolitan Arca
Montgomery, Alabama 177,000 7.6 41.0
City and County
Contra Costa 265, 828 4.3 9.8

County, California

The resulis show a serious lack of good shelier in each of the three areas sur-
veyed, with the worst situation in Contra Costa County, California where only one-
tenth of the population can theoretically be sheltered with even n shelter factor of ten
or hetter. The fact 18, however, that some good shelter does exigt ~ in Tulsa,
Oklahoma, more than 100,000 people can theoretically be accommodated with a shelter
factor of 50 or more — and plans should be made now to make optimum use of this
shelter space without waiting for a shelter building or improvement program. There
18, howevey, a basic difference in the type of public and private buildings found in
large metropolitan areas (100,000 population and up) as oppased to those found in the
smaller cities ot 10,000 to 50U, VUV popniation which aceount for the major part of our
suburban population. These smaller cities do not have the !arge multi-story office
buildings and commenrcial cstablishments common to the large citiee. They do have
their schools, churches, city hall, etc. which are gencrally of heavy wall construction,
but only two o1 three stories high with wood rather than conc- cte floors. Hence, the
fallout on the 10n0f may often be the limiting factor on the degicer of fallout protection
they provide,

The purposc of this report is to analyze the communal shelter potential of an
actual small cily in the northeast to determince whether a8 communol shelter plan is
feasible for the average suburban community in those areas where basements arc
generally avatlable, Food, water, power and other essential resources were also
investigated to determine whether a shortage ofany one of them might loom 1o be a

serious threat to the survival of the community in the immediate post attuck perind.,
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The community actually chosen for this study was the city of Wobiirn, Mass. ,
which lies ten miles northwest of Boston, and had a 1965 population of about
26,000i% The city is located on U.S. Route 3, Mass. Highways 38 and 128, and
has an area of 13 square miles. It was selected as the "typical model city"
because it has:

1) A city form of government with a mayor and city council. (There
are seven wards within the city which have almost equal popula-
tions and areas so that with only slight modifications, the city can
conveniently be divided into seven shelter areas.)

2) Areas of both high and low population density.
3) Small, medium and large industries.

4) A wide variety of potential communal shelters including 16
churches, 13 schools, a hospital, library, city hall, armory,
and varied industrial and commercial establishments.

To get an idea of the probable fallout levels (and possible blast damage) over
the city, the post attack situation was studied in the light of the hynothetical com-
bined attack described in Chapter 2 of Report No. TO-B 60-13 entitled "The Pro-
bable Threat over the Continenta! United States". Section 6. 2 describes the radfo-
logical situation in Woburn resulting from this hypothetical attack which placed
seven 5-MT weapons on military and industrial targets in the greater Boston area.

Section 6.3 presents the results of the fallout shelter survey for this "model”
city. The OCDM Fallout Shelter Survey Guide (dated April 1959) was used to com-
pute the ground and roof contribution for each building, and detcrminc the net
shelter space available, Section 6.4 summarizes the shelter problem and surveys

such other essentials to survival as food, water, and power facilities.

* Estimated at about 30,000 in 1960,
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6.2. THE RADIOLOGICAL SITUATION
6.21 The Attack Pattern

The shelter problem for the city of Woburn, Mass. was viewed in light
of the i‘adidlog‘lcal situation which resulted from the combined attack mentioned
above. Thig attack, which put approximately 819 5-MT weapons on 159 military
and 148 industrial targets in the U. 8., resulted in seven 5-MT weapons being
dropped in the greater Boston area which were all within a 15-mile radius of the
"model” city. However, the center of Woburn was about 6 1/2 miles from the
nearest "hit® and eight miles from the next two nearest bomb drops, therecby just
escaping complete destruction though admittedly sustaining considerable blast and

thermal damage.

The actual ground zero locations for this ®local” attack pattern are
listed in Table 6.2, together with their distance from the model city, the over-
pressure created, and an estimate of the two-day dose due to fallout.§ Figure 6.1
is a map of the greater Boston area showing the assumed seven ground zero
locations.

TABLE 6. 2

EFFECT ON WOBURN, MASS. DUE TO SEVEN 5-MT WEAPONS DROPPED
ON TARGETS IN THE GREATER BOSTON AREA

Distance Overpressure Two-Day Dose
Ground Zero from Woburn at Woburn on Woburn
Location (miles) (psi) (roentgens)
1. Bedford, Mass. 4-9 7.0~2.1 1300 - 800
(Hanscom Air Force Base)
2. Waltham - Watertown 6-12 3.7-1.4 275 - 150
Mass.
3. Cambridge, Mass, 8-12 2.4-1.4 226 ~ 110
(M.1.T. area)
4. Lowell, Mass. 12-1b6 1.4-1.0 300 - 90
5. Boston, Mass. 9-12 2.1- 1.4 150 - 45
6. Lynn, Mass, 9~ 14 2.1-1.1 120 - 40
7. Dorchester, Mass. 12 - 16 1.4~1.0 60 - 30

* See Section 6. 22 for wind selected and fallout model used.
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Fig. 6.1 GREATER BOSTON AREA SHOWING ASSUMED
SEVEN GROUND ZERO LOCATIONS IN RELATION
TO MODEL CITY OF WOEURN
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6.22 The Wind and Fallout Situation

The wind pattern assumed for the fallout analysis was that of an actual
spring day — May 11, 1959 — when the RAWIN data was typical for the area during
the spring and summer season. The 80, 000-foot integrated wind direction was
1100, the wind speed 27 mph, and the wind shecar 1° A two-day dose fallout pat-
tern using the shorthand method described in Chapter 4 of Report No. TO-B 60-13
wasg developed for this wind condition and is shown in Figure 6., 2

By placing the fallout pattern on upwind targets further away from the
model city than the seven noted above, it was determined that there would be no
appreciable fallout from any other targets. The two-day dose on Woburn due to
each of the seven nearby targets is listed in Table 6.2. Only two of the seven tar-
gets (Bedford and Lowell) are in the general upwind direction from Woburn, and
about two-thirds of the total fallout on the city was due to the 5-MT weapon dropped
on Hanscom Air Force Base in Bedford. The gross radiation levels over the city
ranged from only 1500 r to 1700 r, This very small gradient across the city can
be attributed to the several different directions from which fallout arrived.

Tf the wind had been such as to maximize the fallout from the Bedford
weapon, the two-day dose due to this one weapon would have been 1200 to 1800 r,
and the over-all total due to the seven weapons, about 2060 r. The fallout over
Woburn was also determined for the mean seasonal winter wind and found to be
about 2000 r, which tends to suggest that this figure is rather insensitive to the

expected variations in wind conditions during the four seasons.

e



>
S
= o
g5 r§
Wy X
2=~
B
o
8
«a
o
h~§
[}
v T
-
T
o
=z
-~
0
« d
3 =
O
2 s
<)
© bt
< q
ul b
©
N 18
o

NORTH

Fig. 6.2 ESTIMATE OF 2-DAY DOSE CONTOURS FOR 5 MEGATON WEAPON USING
UF WIND DATA RECORDED AT NANTUCKET, MASS. ON MAY 11, 1959

86

[ ] PI- N
Degmdd o b L B

[ ] [ ] —— A ] m —_—— —




: :

6.3 THE SHELTER PROBLEM
6 .31_Shelter Factors and Spaces in Public and Private Buildings

With the cooperation of city officials, a list of all public buildings and
churches in Woburn which were thought to offer substantial fallout shelter was
drawn up and reviewed. After taking a closer look at each of therse structures,
those that obviously offered even less shelter protection than the average home
basement were removed from the list. An example of the kinds of structures
removed were the newer schools that are of one-story construction, have no below~
ground-level areas, and large window areas. In additiony to the public and private
buildings of non-profit organizations, each of the twelve industries in the city that
employ over 50 people, and seven out of 23 industries employing between 25 and
50 people were contacted to determine the shelter potential of their buildings. Of
the larger industries, only 3 out of 12 had substantial multi-story buildings with
areas below grade, and none of the smaller ones had either multi-story construction
or areas below grade. Of the commercial establishments in the city, only two were
found o have reasonably-sized basements, and each of these were only one-story
buildings with an estimated shelter factor of 15 to 20,

The final list used for the communal shelter survey consisted of eleven
school buildings, 14 churches, and five other public buildings for a total of 30
structures. Unfortunately, building plans for almost none of the structures sur-
veyed could be located, hence physical measurements together with ®engineering
guesses®™ had to be made in almost every case to get sufficient information to allow
calculation of the shelter faciors, The OCDM "Guide for Fallout Shelter Surveys”
(April 1959 Edition) was used in carrying out the data collection and shelter factor

calculations, the results of which ave summeayrized in Table 6. 3.

The immediate conclusion onc is forced to draw from this table is that
just two buildings {the City Hall and St."Chatles High Schonl with shelter space for
268 penple) offer a shelter protection factor of 100 or more. In fact the shelter
factor for all the remaining 28 buildings surveyed fell within the narrow range of
just 10 to 30, impiving that they are no better than the average home basements in
the city. (The city engineer stated that more than 90% of the homes in the city have

hasemeoents, )
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TABLE 6.3

. 1

E BHELTER :-‘Acmgg AND SPACES PROVIDED INTHE BASEMENTS OF SGHOOL BUILDINGS,

14 CHUR RCHES AND OTHER PUBLIC BUILDINGS lN -WOBURN, MASSACHUSETTS

E& " Raof Shelter

14 Contribution -Factor

fl with 90% with 50%

i Ground Roof of Roof of Roof

K Name of ontri- Contri- Shelter Contaminant Contaminant Gross  Shelter*

" & Building utfon bution Factor Removed Removed Area __ Spaces
Vo ‘ ‘Schools

: St. Charles High . 001 . 006 179 . 001 500 2,340 b4
Woburn 8r. High . 003 . 028 32 003 167 11,500 268
8t. Charlee .013 . 026 26 .003 83 §,300 124
Hanson . 008 .033 26 .003 21 3,000 70
Wyman . 007 .044 20 .G04 91 6,000 140
Goodyear .008 2046 18 . 006 77 6, 700 151
Lawrence .020 .033 19 . 003 44 3,780 65
Clympton .018 . 039 17 . 004 44 4, 600 105
Rumford 020 . 043 16 . 004 42 6,600 128
Willlam McGarr . 028 .037 16 . 004 a 3,920 91
Andrew ., 011 . 066 15 .006 69 12,000 280
Churches
First Baptist 012 . 038 20 . 004 83 6,000 140
Greek Orthodox 007 . 049 18 . 005 84 5,400 126
Church of the Open ,020 .038 17 004 42 9,600 221

Bible
Woburn Unftarian .018 .043 17 . 004 46 b, 500 128
Woburn Methodist .018 . 040 16 . 004 46 6,700 133
First Congregutional .019 , 060 15 . 006 42 10, 600 246
8t, Barbara's 017 . 061 13 . 006 44 11,000 266
8t. Joseph's .02 . 060 12 . 008 a2 4, 300 100
8t, Charles' . 008 .074 12 . 007 69 3, 200 76
Montvale Cong, . 15 40 500 12
‘Trinity Episcopal 16 40 2,000 47
Lutheran Church of 15 40 2,400 58
The Roedeomer

St, John's Baptlst 15 40 2,000 47
No. Congregattona! 16 4¢ 500 12
Other Buildings
City Hall . 0008 . 0008 830 . 0006 1600 9,200 214
Chonte Hospltal 006 . 032 26 . 003 110 16,500 384
Public Library .0004 L 047 21 . 005 187 11,000 266
Post Offico . 003 . 052 18 006 130 6,000 140
State Armory L 011 ., 083 11 . 008 62 17,000 _ 398

TOTALS ~ 181,740 4,404

“ " Using a sheller utllization factor of U. 36, and assuming 16 squarce fect ol net 8pace per perdon a8 set
forth tn the OCDM "Guide for Fallout Shelter Surveys®
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o i'm__suniméfy, the churches are for the most part large, hégvy—i\éélled
structures with {rery little mass between the basement and the i?oof, while the
schools generally have a substantial portion of their basement exposed and arc two-
or three-story buildings with wood floors. Ineach case the roof contribution is the
limiting factor — running from two to as much as ten times the ground contribution
as can be seen in the table. This fact suggested that if most of the roof contaminant
could be removed by some means, the shelter factors could be increased by a
factor of three or four. The column of Table 6.3 showing the shelter factor with
90% of the roof contaminant removed demonstrates that this is in fact the case with

the shelter factors now ranging from about 40 to 100.

Even if these more desirable shelter factors could he assured by the
installation of an effective roof decontamination system, the table shows the total
number of shelter spaces totalling only 4500 — or less than 20% of the city's 1955
population of about 26,000, The space situation is not believed to b this bad, how-
ever, since a space utilization factor of 0,35 was used for the numbers shown in the
table, but for the building~ analyzed, the actual space available is probably more
nearly 0.70. If, in addition, the number of square feet nllowed per person were
halved — to 7-1/2 aquare feet — some 70% of the town's population conld be housed
in these "communal® type shelters. This would, of course, make for a very uncom-
fortable situation, but assuming some kind of excursion schedule, such as that

suggested in Table 6.4, Section 6.4, the situation should not be unbearable.

6.32 Roof Decontamination Systems

Since alt but twy of the 30 public and private buildings surveyed were
found to offer substantially no beite« shelter factor than the average home basement,
and more than 90% of the homes have hasements, a communal shelter plan utilizing
j=iblie buildings can not he 1ecommended aniess some vraatienl ind cconomieal
method can be found to inerease the shelter factor of these buildings by at least a
factor of thice or four, One possible method would be to provide additionn!
shielding material 1 the basement, but this does nol appenr atiractive {1om efther
an economic or engmeeting standpoimt, since it basically would mean putiing up a
cetling of at least 50 ll)s/ft2 aver the entire shelter 1vea plus all the mechanieal

support for this added weight.
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- A second possible method, which was referred to in the previous section,
would ihv_'dilvé i.'emoving most of the contamiﬁant from the roof, therehy géfting an
additional factor of three or four improvement in the shelter protection provided by
the structures (as demonstrated in Table 6.3). Although other systems have been pro-
posed (such as removable covers, etc. ), a water washdown 7system is the only tactical
reclamation system that has ever been proof tested on land structures, Experiments
have shown 80% of slurry fallout and 97% of dry fallouil can be removed from an
asphalt or tar and gravel built up roofing by hosing the roof at 60 psi pressure. *

The efficiency of a network of spray nozzles distributing water uniformly
to an entire roof surface has been demonstrated in the laboratory to be in excess of
99% for wel contaminants and could be installed at a cost of about $28 per linear foot
of huilding length including pumps, piping and installation supplying between .02 to
0.1 gallons per minute per square foot of surface avea,** The small amount of experi-
mental work done to date on actual roofing materials suggests that a properly designed
system could be expected to remove at least 95% of the fallout from the roof if the roof
is smonth, hard and wet{able where composition roll roofing represents the minimum
mn smosthness and surface hardness. The water flow rate to accomplish this by mamn-

taming eoverage would be three galions per minute per foot of voof width, ¥+

The communal shelters in Woburn have either asphalt shingle or slate
roafs with 1 nominal size of 50° by 100!, This would vequire about 300 gallons per
minute, and assuming operation for a period of about six hours, would result in the
e nsumption »f {08,000 gallons of water per shelter. Thirly suach shelters would in
fael tnke al* but 70,000 gallons of the 1958 average daily consumpuion of 3, 310, 000
g1llons i,e. 98% of the average daily consumption). An emoergeney pumper is avail-
able 1 the town which can pump 2 million gallons a day, or about 60% of the requited
amount of 3, 210,000 gatlons. If the washdown systems were actually on only inter-
mittantly frr a total of 3 hours over a 6-hour period, then the emeygeney pumper eould
theo; etieally supply the required oad of about 50,000 gallons for each of the 30 shel-
te 5. However, the water pressure would undoubtedly start to drop pretty rapidly

ande s this abnormally high load.

¢ Radinisgien’ Recwery of Fixed Military Installations NAVDOCKS TP- PL-13,
August 19533,

** Fallour Countermenasures for AEC Facilities, A. J. Breslin and L. R. 8olov.

‘**NRDL Letter Report to OCDM, dated November 7, 5958,
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One oilier possible roof contaminant removal system requifing only 500
to 1000 gallons of water for each shelter was investigated briefly during this study.
It involved the use of a standard fire fighting foam which could he sprayed onto the
roof as a "blanket” to catch and hold fallont for a period of perhaps 30 minutes, The
foam blanket would then be flushed off and a new blanket laid down, This process
would be repeated for, say, five or six cycles, or until further flushings no longer
resulted in a significant reduction in the dose icvel inside the shelter. The foam to
be effective must, of course, stick to the roof and hold the fallout particles until
it 1s flushed off.

A demonstration on the use of several varieties of foam for this proposed
application was witnessed, and the results indicated thal the foam would not stay in
place for more than a few minutes before starting to slide off a roof with a pitch of
only 10°. The reason for this is that the water in the protein based foam starts {o
geitle out of the foam within a few minutes alter it is formed, and the liquid inter-
face then staris to carry the foam off the inclined plane. There was also some ques-
tion as to how well the foam could "hold® the fallout particles (1. e., keep them off the
su<face of the roof). Sand parlicles of 100 to 300 microns were thrown onto the foam
and observed to penetrate at least well into the blanket if not all the way through it.
Although it is felt that further research should be conducted in an effort to find a
foam materinl with greater sfability and consistency for use in possible roof decon-
tamination schemes, fire fighting foams do not appear at present to offer a solution

{7 the voof decontamination problem.

6.4 SUMMARY OF SHELTER SITUATION AND OTHER ESSENTIAL RESOURCES
IN WOBURN

6. 1. Exposure Doses for the City*'s Population

Assuming a probable two-day dose of about 2000 r as developed in
Section 6, 2, thase people who remained outside after the arrival of fallout or who
relied on their home above ground for shelter would not survive. However, thosc
that were aware that their cellar afforded a shelter factor of 10 to 30 and remained
in the cellar or in one of the communal type shelters without a roof contaminant
removal system would survive though they would probably not be able to venture out
of their shelter for more than the briefest excursions for a period of two weeks with-

out becoming radiation casualties.
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©On the other hand, for those in comimunal shelters with a roof con~
taminant removal system (or in improvised home basement sheliers as described
in Chapter 5), excursions out of shelter designed to keep the two-weck dose less
than 100 r, or less than 200 r, might be scheduled as shown in Table 6.4.

TABLE 6.4
EXCURLION & HLIULE QUL Ur COMMUNAL SHuLTERS IN WOBURN
WITH A RCOTF CONTAMINANT REMCVAL SY8imiv
(assuming area received a 2000 r, two-day dose and a shelter factor of 59)

Time Spent Outside

for 100 r for 200 r
2 Week Dose 2 Week Dose
End of Day (in hours) (in hours)
2 172 1-1/2
3 3/4 2-1/4
4 1 3
5 1-1/2 4-1/2
6 1-3/4 5-1/4
2-1/4 6-3/4
8 2-1/2 7-1/2
9 3 9
10 3-1/4 9-3/4
11 3-3/4 11-1/4
12 4-1/4 12-3/4
13 4-1/2 13-1/2
14 5 15

At the end of the first two days in the communal shelter, each person's or

family's schedule could hbe worked out on an individual basis. Depending on the con-
dition of shelter mn one's home and the length of time it would take {0 get home, there
could be a gradual migration to the residences. The leader of the communal shelter
should be in a position to cvaluaie the radiation histury of the family, calculate the
time for the family to get home, determine a cellar, home and outside schedule for

them outlining the consequences of any deviation from this schedule.
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6.42 Food, Water and Utilities

If everyone provided themselves with just a half gallon of water to
satisfy their drinking need for the first two days, action could be taken to provide
watér service for the city from the underground wells available. In a similar
manner, if each individual brought a two-day food suppiy with him to the communal
mhotion fand antd b sipmlied from D+ 2 to D + 14 by the retail mar} ts which
generally carry a supply of groceries which would last about two weeks under a

normal purchase schedule, *

The 1957 Retail Food Inventory Survey, conducted by the bureau of
census for the U, S, Dept. of Agriculture in line with the Department's delegation
from OCDM indicated that slightly more than ten days supply of food, including
non-concentrated fluids, was in retail food store inventories of the nation at the
time of the survey. This is based on 3000 calories per person per day; however,
it is estimated that under a sedentary condition one would exist on less than this
amount. This would indicate that the nation would be supplied with food from their
home and retail outlets to D + 14 from home and retail supplies. After two weeks,
food should be able to start moving from wholesale houses and farms again,

Woburn can be supplied with power from any of three local generating
stations. Power mayalso be supplied to the system from a western link. The
Edgar Generating Station is over gseven miles from the closest ground zero loca-
tion and hence should suffer only minor blast damage. Gas is supplied to Woburn
by a company which manufactures gas in two nearby towns, one of which should be
relatively blast-free. Their system is also supplied by the Tennessee Gas Trans-
mission Company and the Algonquin Gas Transmission Company; hence, gas supply
to Woburn secems to he flextble in the event of a nuclear attack since the separate

supplies have interconnections at several locations.

* Super Value Study Editors of Progressive Groceer

LN
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6.43 Conclusions

1)

3)

A communal shelter program for typical suburban cities of 15, 000

“to 40; 000 population where the percentdge of structures with base-

ments is high is feasible without additional construction only if an
effective roof contaminant removal system is available. Roof
washdown systems are effective, but use lurger quantities of water
than may frequently be available from commercial supply systems.
Other possible contaminant removal systems using much less or no
water have not proved practical as yet. However, further research
should be carried on in an effort to develop a practical, economic
roof decontamination system for communal shelter use.

If good shelter (i.c., substantially better than the average home

basement) were available to the residents of the model city, recovery

operations could be initiated after two days, and significant progress
made by the end of the second week provided the area was not ham-
pered by major blast damage.

Availability of food and utilities does not appear to present a serious
problem to survival in the model city chosen.
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CHAPTER 7

THE NET SHELTER PROBLEM

"_The following generalizations can be made concerning the amounts and

effectiveness of shelter from radioactive fallout that is readily available, assum-

i1g enough time (in the order of I-ours) for ~ome large-scale popula’’on move~

ment:

1) Basement shelter is available to approximately 60% of the popula-~
tion of the continental United States, and is probably the best over-

all source of shelter when available.

2) Shelter in boais (at'least 250 yards off shord is of some significance

in 32 states, and might take care of as much as 9% of the population

of the United States. There are hundreds of communities without
adequate home basements or public buildings which might find it
relatively easy to organize their boat shelter. Many of these

vessels already have most of the facilities necessary tn make them

adequate as shelters; however, these facilities will 1 general have

1o be increased greatly in order to provide the maximum shelter

capacity.

3) The use of mines for shelter fiom fallout is of some significance
in 27 states and might take care of as much as 8% of the populatio
Mine shelter, where available and appropriate, would provide
excellent protection against fallout. The cost to outfit mines as

shelters should be 1elatively low and they mav also prove {o be

n,

quite easy to manage. The limiting factors on thie type of shelter

are that, in general, the mines are far more remote than ecither
basements or boats. They are the most diffienlt for people to get

into and require the greatest amount of pre-planning.

4) The access problem is sufficiently great for both hoats and mines

that it i{s unlikely that more than 7% of the population would chonse

to be accommodated in either of these facilities.

Table 7.1 outlines the Net Shelter Problony. -7 he percentage of each state!

]

population that could be accommodaied in hasement. boat or mine shelter and the

numbers of people who could not be accommodated are shown
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TABLE 7.}

SHELTER-FROM-RADIOACTIVE FALLOUT 1N BASEMENTS, BOATS AND MINES
Per cent that coommodated and number-of people who colld hot be sccommodated

.

i %0 2 - 1] 160
ij L] 1 - 100 —
i [13 [} - 100 - :
i L] 1 - 100 I
i ocoM 4,835 " 1 - i pres
_ : 14,630 90 ) 10 100 —
793 90 T — 97 20
978 " 1 1 100 = |
_ 28,980 870
Del, 218 0 “© - 100 —_
D. C. 802 70 2 - 2 220
Xy. 2,045 ) ‘ 18 ) 630
M. 2,343 70 30 - 100 —
OCBKR 32 gyio 7,047 9 » 10 100 —
Pa. 10, 4p8 9 1 1 100 —_—
Va. 3,819 70 1 1 8 360
W, Va, 2,006 80 - m 100 — :
30,178 1,200 :
Als, 3,062 10 15 1 26 2,260
Fla. 2,1 <1 0 - u 2,110
Ga. 3,448 20 » 1 a0 2,410
ocoms M 2,179 10 1 - 1 1,940
N. C, 4,082 40 3 —_ 43 2,310
8. C. 2,117 30 3 —_— 33 1,420
Tenn, 3,202 40 2 8 60 1,860
20,928 14,100
. 8,712 80 2 14 98 350
nd. 3,034 80 - 5 86 590
Mich. 6,372 80 ‘ 15 100 — l
OcDM4 3,988 10 10 » 100 —_
wisc. 3,438 8 3 16 100 —
B 26, 408 ] i 0
Ark, 1,910 20 — 1 2 1,610 l
La. 2,684 s 43 23 n 780
ocoms N M 681 10 - 90 100 —_
Okla, 2,283 20 — 80 100 —
Tex. 2,911 10 18 1 29 5,480
e . 15,219 o 7,770
Colo, 1,326 40 — — 40 809
iowa 2,621 10 — 4 74 680
Kan. 1,806 60 -— 50 100 —
Minn. 2,982 a5 4 1 90 300
OCOM S Nebr, 1,326 70 — 5 ) 390
N. D, 620 86 — — 86 80 '
8 D. 653 0 — - 80 130
Wyo. o 70 - — 70 )
e wam 2,420
Aric. 760 10 - 2 i 660
calit. 10, 588 15 26 3 “ 6,830
OCOMT . 160 20 - 0 6 30
Utah _ 689 30 — - a0 _480
o 12,166 _ - 80
Ilaho 80 _— — 80 240 '
Mont. HJ — _— 70 180
OCURE e, 60 50 - 100 —
Wash. 50 24 — 4 820 .
I e uMe
TOTALS: __ ibo,7el 60 s K 7 36,490

® Boat and mine percentages are not hecessarily maximum values, unless tho totnl -/ basement, boat and minc shelter
i leas than 100% of e astatu's population.
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' Theré are more than 35, 000, 000 people (based on the 1850 Census), prin=
cipally in the south and southwest, for whom no basement, hoat or mine shelter
is readily available. As shown in detail in Figure 7.1 and Table 7.1, the two
states with the most serious shelter problems are California and Texas, There
does not appear to be natural shelter for nearly 6, 000, 000 Californiaris who con-
stitute more than 40% of the state's population, and more than 5,000,000 Texans
or some 30% of that state's population. The southeastern states (OCDM Region 3)
have more than 14, 000, 000 people who do not have access to natural shelter for
falloul and they constitute more than 70% of the population of that region,

A comparison of these figures with the target list in Report TO-B 60-13
shows that within these large shelter-deficient areas, the three “worst® areas

are:

1) Fort Worth and Dallas, Texas — These cilies are very important
military and industrial targets with large populations, very
little bagsement shelter, no boat and no mine shelter.

2) Atlanta, Georgia — This cily is an important industrial and
military center with a large population, very few basemecnts, few

boats and no mine shelter,

3) Los Angeles, California — This city is a very imporiant industrial
and military center with a very large population, very few bhaso-
ments, many hoats but iimited aceess to them by the poapulation,

and nn mine shelter.

In terme of the percentage of the population in any state who do not have

aceess to any kind of natural shelter, there are two states, Arizona and Mississippi,

for whom fewer than 20% of the people have such access. There are seven states,
Alabama, Florida, Georgia, South Carolina, Arkansas, Tcxas and Utah, in which

fewer than 10% of the population have access even to fairly remote natural shelter.,

It is perhaps significant that in te1ms of numbers of people and particular ly
per cent of the population, the areas most sceriously lacking in adequate shelter
from rvadioactive tallout are far distant from the heavily-industrialized and densely-
populated northeastern and northeentral states. The presence, however, of large
numbers of military taigets and consider able industvial capacity in the southern
and southwestern states makes it guite hikely that high intensities of radioactive
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fallout would spread over the densely-populated areas in the event of nuclear '

attack. Shelter from fallout in these areas may be a far more serious problem

both in time and in mopey than it appears to be in the critical industrial heart-
land of the north. In térms of people per state who do not have even remote

access to good fallout shelter, the ten most needy staies may be ranked in order

of decreasing numbers as follows:
State

California
Texas

Georgia

North Carolina
Alabama
Florida
Mississippi
Tennessce
Arkansas
South Carolina

As noted previously all tables usc 1950 Census data. A recaleulation

Number of People
Without Access to Shelter

5,900, 000
5,500, 000
2,400, 000
2,300, 000
2, 300, 000
2,100, 000
1,900,000
1,700, 000
1,500, 000
1,400, 000

based on the recent 1960 Census would undoubtedly show that all the above figures

are somewhat low, The totals for California and Texas may now be as high as

8,000, 000. The total for Florida has probably risen faster than for the other

southeastern states so that 1t would be in third place in the list of states most in

neced of shelter. Other than the reordering for Florida the rank-order for the

ten needicest states is not likely to change.
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